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Executive Summary 
The overall result of the exchange and workshop exercise is that there are significant 
variations in mackerel age estimates between readers. Low precision, and large rela-
tive biases between readers were found, and the older ages (from age 6) were particu-
larly difficult to reach agreement upon.  
The workshop achieved quite a lot in terms of ironing out, through discussion and 
calibration, some of the major problems in ageing otoliths of mackerel. The group 
reached agreement on the definition of a set of ageing guidelines. These are men-
tioned in the present report, and the aim is to employ these guidelines to eliminate 
some of the problems with e.g. interpretation of the otolith edge. 
The image analysis exercise clarified that the lack of agreement can be mainly attrib-
uted to the perception of the otolith edge, depending on season and area of catch. 
Exploring the application of image analysis, the group agreed that applying such 
tools in both exchanges and workshops dealing with mackerel may prove very valu-
able. It gives the opportunity to discuss in depth the definition of which age struc-
tures to count, and additionally gives a very useful exchange tool for the individual 
readers to use, both within and between laboratories. 
A collection of agreed age otoliths was started at the workshop using the few agreed 
otoliths from the exchange. The reference collection will be expanded considerably 
through an ex-change of otolith images performed immediately after WKARMAC. 
Additionally, the collection of agreed age otoliths should not stand alone, but be a 
part of a larger compilation of data on ‘typical’ otoliths for the species and area, in 
which typical distances between age-structures, edge development over season, and 
general growth curves for mackerel are represented across its area of existence. 
 
2  | ICES WKARMAC REPORT 2010 
 
1 Terms of Reference 
2009/2/ACOM47 The Workshop on the Age Reading of Mackerel [WKARMAC] (Chair: 
Lotte A. Worsøe Clausen*, Denmark) will be established and take place in Lowestoft, 
England, 1–4 November, 2010, to: 
a) Review information on age estimations, otolith exchanges, workshops and 
validation work done so far. 
b) Analysis of the results of exchange programme between ageing labs, us-
ing a set of otoliths (images) collection partially from tagging material and 
from previous WK collection with the purpose of inter-calibration age 
readers involved in Stock assessment. 
c) Report on progress of the compilation of biometrics data of mackerel oto-
liths. 
d) To revise the age estimation procedures and explore the possibilities to 
use supplementary information for validating estimated age structures, 
these include: 
- Otoliths weight distributions 
- Length distribution in surveys and catches. 
e) Address the generic ToRs adopted for workshops on age calibration (see 
'PGCCDBS Guidelines for Workshops on Age Calibration') 
WKARMAC will report by 29th November, 2010 for attention of ACOM. 
SUPPORTING INFORMATION: 
Priority: Essential. Age determination is an essential feature in fish stock assessment to 
estimate the rates of mortalities and growth. Assessment of mackerel stocks 
using age structured models has proved useful in establishing a diagnosis on 
stock status. However, the approach has several limitations and shortcomings 
such as stock structure, natural mortality and growth. Age data is provided by 
different countries and are estimated using international ageing criteria which 
have not been validated. Therefore, an otolith exchange programme and WK 
should be carried out in order to know the current situation of age estimation of 
mackerel which has been subject of concern of ICES, and make progress towards 
a solution. 
Scientific 
justification: 
For the purpose of inter-calibration between ageing labs an appropriate 
exchange programme with a set of otoliths (images) collection partially from 
tagging material and from previous WKs collection will be carried out for next 
year. 
The aim of the workshop is to identify the current ageing problems between 
readers from both stocks through a reference collection. To identify the state of 
art of age estimation after validation studies conducted so far. 
Resource 
requirements : 
Before starting the exchange programme, the scientific institutions should make 
a concerted effort to compile the existing tagging material (digital otolith 
images) that can be used as a reference collection. 
Participants: In view of its relevance to the DCR, and ICES WG, the Workshop try to join 
international experts on growth, age estimation and scientists involved in 
assessment in order to progress towards a solution. 
Secretariat 
facilities: 
 
Financial: None 
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Linkages to 
advisory 
committee: 
ACOM 
Linkages to 
other 
committees or 
groups: 
WGWIDE and PGCCDBS 
Linkages to 
other 
organizations 
cost: 
There is a direct link with the EU DCR  
Secretariat 
marginal cost 
share: 
 
 
 
2 Agenda and participation 
The agenda is presented in Annex 1, and list of participants in Annex 2. 
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3 Review information on age estimations, otolith exchanges, workshops 
and validation work (ToR a) 
The frequency of workshops and exchanges on age reading of mackerel in the past is 
far from impressive. The first reported workshop on mackerel ageing was held in 
Lowestoft in 1987 and following that only one workshop has been held (in 1995 in 
Spain) and one additional exchange in 2002. All previous workshops and exchanges 
have had an outcome stating the overall agreement to be somewhat low but fair, but 
skewed towards having a higher agreement on the younger ages. This is not surpris-
ing; however, there is certainly room for improvement both in terms of consistency 
and agreement between readers. 
Both workshops discussed and made an effort to standardize age reading methods by 
preparing a manual and a reference collection of agreed age otoliths. 
3.1 Exchanges and Workshops 
The first exchange and workshop held in 1986 and 1987 respectively, had as first 
priority to assess the agreement level on the older mackerel, as the assessment work-
ing group on mackerel at the time wanted to review the applied plus-group (11+). 
The participants read through two collections of otoliths, one consisting of otoliths 
covering all age groups and one holding particularly older individuals for compari-
son.  
The workshop had access to a small number of known-age otoliths which proved 
very valuable in ironing out discrepancies in the interpretation of the appearance of 
the edge (opaque/translucent) and timing of the age-structures. This appeared to be 
area specific within the same season. 
The overall agreement was calculated using a somewhat different method than what 
has been used in later workshops; however, the agreement percentage was in the bet-
ter range (0.3 in a range of 0.0 being perfect agreement and 0.83 being total disagree-
ment). Of particular interest was that the agreement on the set of otoliths comprised 
of older individuals did not differ significantly from the agreement on the ‘normal’ 
set of otoliths. The conclusion of the workshop was thus that the age estimation of 
older individuals was not associated with a higher variation between readers than 
age reading of younger individuals and the workshop concluded that the plus-group 
in the assessment could be expanded to be 15+. 
The second workshop, held a decade later, in 1995 (ICES 1995) had as objectives to 
evaluate a preceding exchange (Villamor and Meixide, 1995), discuss and standardize 
age reading methods by preparing a manual and a reference collection and give ad-
vice on which age groups valid age reading could be achieved. The participants 
worked with extensive material, no less than 6 sets of otoliths were read prior to and 
during the workshop, differing in various ways concerning the area and age-range of 
the otolith set. 
Similarly to the workshop in 1987, the readers had access to a number of known-age 
otoliths from a Norwegian tag-release program, and again this set of otoliths proved 
very valuable in discussions and aided in the creation of age reading criteria for 
mackerel.  
The readers participating in the workshop reached an overall agreement of around 
70%, depending upon the sample. The sampling area significantly influenced the de-
gree of agreement and contrary to the findings in the workshop in 1987; the older fish 
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had a tendency to be underestimated compared to modal age. For the known-age set; 
the agreement was 76%.  
As a conclusion; the age-reading technique was validated up to age 8 as bias was ob-
served in the ages of older fish and the workshop ended up recommending the plus-
group for the assessment of mackerel to be 12+. The workshop concluded that an ap-
propriate measure of precision would be 2.00 for 2stdev from the modal and assigned 
age. 
Prior to the WKARMAC 2010, which also was preceded by an extensive exchange of 
otoliths (see chapter 4 of the present report), a small scale exchange of mackerel oto-
liths was performed in 2002 in the SAMFISH project (Study Contract 99/009; IM-
PROVING SAMPLING OF WESTERN AND SOUTHERN EUROPEAN ATLANTIC 
FISHERIES). The objectives of the exchange were to monitor the precision of age 
readings, following the protocols established by EFAN (FAIR concerted action 
PL96/1304,) and to collate a reference database of otolith images from the exchange 
material. Only 6 institutes participated in the exchange and thus the scale was some-
what smaller than both the previous exchanges and the most recent exchange (ref to 
chapter 4 of the present report).  
The conclusion from the exchange was that the precision drops significantly after age 
4, and although two institutes did show an improvement in precision from the pre-
vious workshop in 1995, the remaining readers showed little improvement. The 
project concluded that further exchanges and workshops on mackerel were highly 
warranted. 
3.2 Validation work 
The existing material of such work is rather limited, particularly related to the actual 
yearly age structures of mackerel otoliths.  
Daily ring structures have been validated (Mendiola and Álvarez, 2008); and their 
study gives the potential for validating the first years of growth, making standards 
(L1, etc) and ruling out double structures in the first years of life. Knowing that the 
microstructure is daily, it may be possible through analysis of the combined transpa-
rency and width of the daily rings on the edge of juveniles over the season to validate 
the formation of the first and potentially following 2-3 age structures. 
The existence of otoliths from the Norwegian Mark-Recapture experiments are poten-
tially the golden stones and could iron out many subjective assumptions related to 
the age estimation of mackerel from this area (and potentially other areas). It is of 
utmost importance that the dimensions and availability of such material is clarified 
and that efforts are made to reach agreement on potential availability for coordinated 
validation studies. 
3.3 Conclusions and recommendations 
Thus; the exchanges and workshops seem to improve the precision of the age read-
ings both within and between age readers to some degree, but are still not increasing 
the accuracy or dramatically increasing the percent agreement between them. 
What could help improve this would be direct, measurable ways to age mackerel, 
decreasing the degree of subjective evaluation of age structures and thus validation of 
age structures is highly warranted and recommended. 
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4 Resolve interpretation differences between readers and laboratories; 
most recent exchange and workshop exercise (ToR b) 
4.1 Most recent exchange 
The last exchange between European mackerel otolith reading institutes took place in 
2002 during the SAMFISH project. Since then, veteran readers have departed and 
new readers recruited to read otoliths. A mackerel otolith exchange was carried out 
in March 2008 to ensure a consensus between these new readers. 
Under the coordination of Marine Scotland Science, formerly FRS Aberdeen, Scot-
land, a representative collection of otoliths was prepared. Samples were included 
from all quarters in the year and all ICES areas relevant to this exchange. This collec-
tion was distributed to all 12 countries which supply data for the assessment of North 
East Atlantic mackerel (13 participating institutes). The exchange started in Septem-
ber 2008 at Aberdeen and ended at DTU Aqua in Denmark in August 2009. Some oto-
lith samples showed deterioration through the course of the exchange. This caused an 
increase in non-readable otoliths for the countries that received the otolith package 
towards the end of the exchange. 
The estimated ages from each participating institute were returned to the coordina-
tors and analysed by comparing them against the resulting modal age. From this, the 
percentage agreement, precision coefficient of variation (%CV) and bias were calcu-
lated. Participants were divided into readers who provide ages to the assessment (ex-
perts) and those that do not (non-experts). 
This report describes the analysis made of the final age determinations received by 
the coordinators by mid-August 2009. These were carried out by 23 readers based in 
13 institutes (Table 4.1). 
The complete list of participants from October 2008 was: UK – Scotland, UK – Eng-
land, The Netherlands, Norway, Portugal, Spain (AZTI and IEO), Germany, Den-
mark, France, Eire, Faroe Islands and Iceland. 
4.1.1 Material and methods 
The 195 otoliths used in this exchange were sourced from four of the participating 
institutes. All were from mackerel sampled in 2006, 2007 or 2008 and a breakdown is 
given in Table 2 by sampling year, month and area. 
By calendar quarter, the greatest percentage (38%) of otoliths were from quarter 1, 
while 13%, 18% and 31% were from quarters 2, 3 and 4, respectively. 
All otoliths used in the exchange were mounted according to an agreed protocol on 
black plastic trays, concave side up, using Eukitt transparent resin to fix the otoliths. 
However, otoliths from the Spanish institute AZTI became damaged in transit and 
were rendered unreadable. The AZTI otoliths were re-mounted by the exchange co-
ordinators at FRS, Aberdeen prior to reading and circulation. Unfortunately this re-
mounting caused some damage to these otoliths, with a few being broken in the 
process and so rendered more difficult to age. 
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4.1.2 Results 
The age determinations were input to the “Age Comparison Worksheet” (Eltink et al., 
2000). 
Readers were divided into two categories: 
1 ) Experts: whose age estimations are submitted for stock assessments; 
2 ) Non-experts: whose age estimations are not submitted for stock assess-
ments. 
Age data were entered into the Age Comparison Worksheet (ACW) from the leftmost 
column according to years of experience of experts, as the ACW is designed to give 
more weight to “experts” than to other participating readers. For each otolith read, 
modal age was used as the basis for agreement of readings, that is, the age deter-
mined by the greatest number of experts. If two ages were read by equally high num-
bers of experts, the first calculated modal age (leftmost) was taken as the final modal 
age. Ageing results from non-experts were compared individually to the experts’ 
modal age. 
Of the 195 otoliths circulated: 
• 181 resulted in an age determination being made by all 15 experts.  
Of the 14 others: 
• 10 were not able to be read by expert 6; 
• 8 were not able to be read by expert 2, 5 of which were in common with 
expert 6; 
• 1 was not able to be read by expert 9. 
There were only 12 otoliths (6%) with complete agreement on age by all 15 experts. If 
otoliths with 14 agreed determinations were included, this agreement rose to 15 (8%). 
Along with the modal age for each otolith, percentage agreement, mean age, and pre-
cision (coefficient of variation) were also calculated: 
• Percentage agreement = 100 x (no. of readers agreeing with modal age/total 
no. of readers) (for each otolith) 
• Precision C.V. = 100 x (standard deviation of age readings/mean of age read-
ings) (for each otolith). 
 
Percentage agreement ranged from 20% to 100%, with an average of 67.6%.  Of the 
195 otoliths, 69 were read with at least 80% agreement. The otoliths (corresponding to 
mackerel of lengths 40 and 41 cm) with the smallest percentage agreement (20%) pro-
vided the following estimates of age: 
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  40 cm     41 cm 
 Age No. of readers  Age No. of readers 
   4  1 
   5  1     5  2 
   6  2     6  2 
   7  1     7  3 
   8       8  3 
   9  2     9  3 
 10  2   10  2 
 11  3   (8   modal age) 
 12  1 
 13  1 
 14  1 
 (11   modal age) 
 
The precision coefficient of variation ranged from 0% (corresponding to 100% agree-
ment in readings) to 387% with an average of 23.8%.  The four exceptionally high co-
efficients of 387% arise from one expert’s age determination of four otoliths with a 
modal age of 0.  This expert determined three of these otoliths as 1 year old, and one 
otolith was determined as 4 years old.  All other experts were in complete agreement 
with the modal age of 0 for these otoliths.  The effect of excluding these four otoliths 
from the calculation of precision coefficient of variation was to reduce the average to 
16.2%. 
4.1.3 Conclusions  
There were 12 otoliths (6%) upon which there was complete agreement on age among 
the 15 experts.  These otoliths tended to be amongst the youngest as determined by 
modal age.  Overall, with respect to modal age, the percentage agreement on age de-
terminations was 67.6% and the precision coefficient of variation was 23.8%.  Relative 
bias in age determination by individual experts ranged between -0.59 and +0.45.   
The eight non-experts had a more pronounced tendency to underestimate when 
compared to modal age.  Although the eight were described as being inexperienced, 
some are known to have had training in the reading of mackerel otoliths but have 
had limited opportunity to hone their skills, whilst others had no experience of read-
ing mackerel otoliths. 
The figures which should cause most concern at this point are the range of ages de-
termined against modal age, contained in Table 3.  Such large discrepancies between 
age determinations highlight the need to hold a workshop, so participants can reduce 
these discrepancies and find a more “common ground” in which to work. Views on 
the effect of packaging and sending otoliths around a group of thirteen institutes over 
a period of a year should also be sought as this might have been an issue with this 
exchange of mackerel otoliths. 
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4.1.4 Tables 
Country Institute Number of 
experienced readers 
Number of 
inexperienced readers 
Denmark DIFRES 1 0 
Eire Marine Institute 1 1 
Faroe FFL 0 2 
France IFREMER 0 2 
Germany vTI 1 0 
Iceland MRI 0 1 
Netherlands IMARES 1 1 
Norway IMR 4 0 
Portugal IPIMAR 1 0 
Spain AZTI 1 0 
Spain IEO 2 0 
UK - England CEFAS 2 0 
UK - Scotland FRS 1 1 
All All 15 8 
TABLE 4.1.4.1: Summary of Age Reading Participants Included in Final Analysis 
 
TABLE 4.1.4.2: Summary of Sourcing of Otoliths Used in the Exchange 
Month and 
year 
Sampling area Portugal Spain UK- 
Scotland 
Total 
IPIMAR AZTI IEO FRS  
Feb. ‘07 VIIIc East   10   
Feb. ‘08 IVa    10  
Mar. ‘06 VIIIb  15    
Mar. ‘07 IXa 10     
Mar. ‘07 VIIj    10  
Mar. ‘08 VIa    20  
Q1 total  10 15 10 40 75 
May, ‘06 VIIIb  10    
May, ‘07 VIIIc West   10   
Jun. ‘07 IXa   5     
Q2 total   5 10 10  25 
Jul.  ’07 IXa 15     
Aug. ‘07 IVb    20  
Q3 total  15   20 35 
Oct.  ‘07 IVb    20  
Nov. ‘07 VIIIc East   10   
Nov. ‘07 VIIIc West   10   
Nov. ‘07 VIa    10  
Nov. ‘07 VIIb    10  
Q4 total    20 40 60 
Total  30 25 40 100 195 
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Modal 
age 
Number with 
complete 
agreement 
Possible total 
based on modal 
age 
Percentage with 
total agreement 
Range of ages 
determined 
  0      4  0 - 4 
  1   2* 15   13 1 - 4 
  2   9 † 25   36 1 - 5 
  3   2 21   10 2 - 7 
  4   1 38     3 2 - 9 
  5   1 29     3 2 - 9 
  6  22  2 - 11 
  7  13   3 - 11 
  8  16  4 - 15 
  9    7  4 - 14 
11    2  4 - 14 
12    2  8 - 19 
15    1  7 - 16 
* Both determinations made by 14 readers only 
† One determination made by 14 readers only 
TABLE 4.1.4.3: Mackerel Otoliths with Complete Agreement on Age by 15 Expert Readers 
Country Institute Reader Percentage 
agreement 
Coefficient of 
variation 
Relative 
bias 
Denmark DIFRES   6 44.9 23.0 -0.35 
Eire Marine 
Institute 
13 55.4 13.4 -0.59 
Germany vTI   9 67.5 11.9 -0.39 
Netherlands IMARES   2 69.0 17.4 -0.13 
Norway IMR   1 72.8 14.4   0.39 
Norway IMR 10 68.2 17.6   0.45 
Norway IMR 11 72.3 15.7   0.33 
Norway IMR 12 73.8 11.0   0.26 
Portugal IPIMAR   3 51.3 22.9   0.16 
Spain AZTI   5 72.3 12.1 -0.35 
Spain IEO   4 77.4 11.1 -0.10 
Spain IEO   8 72.3 15.0   0.10 
UK - England CEFAS   7 73.8 13.4  -0.02 
UK - England CEFAS 14 69.7 15.5  -0.13 
UK - Scotland FRS 15 72.3 10.9   0.21 
TABLE 4.1.4.4: Performance by 15 Expert Readers in terms of Percentage Agreement, Coefficient 
of Variation and Relative Bias 
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Country Institute Reader Rank of 
percentage 
agreement 
Rank of 
coefficient of 
variation 
Rank of 
relative 
bias 
Overall rank 
Denmark DIFRES   6 15 15 11 15 
Eire Marine 
Institute 
13 13   6 15 12 
Germany vTI   9 12   4 12 11 
Netherlands IMARES   2 10 12   5 10 
Norway IMR   1   4   8 13   9 
Norway IMR 10 11 13 14 14 
Norway IMR 11   4 11   9   8 
Norway IMR 12   2   2   8   3 
Portugal IPIMAR   3 14 14   6 12 
Spain AZTI   5   6   5 10   6 
Spain IEO   4   1   3   2   1 
Spain IEO   8   6   9   2   5 
UK England CEFAS   7   2   7   1   2 
UK England CEFAS 14  9 10   4   7 
UK Scotland FRS 15  6   1  7   4 
TABLE 4.1.4.5: Ranked Performance by 15 Expert Readers in terms of Percentage Agreement, Co 
efficient of Variation and Relative Bias 
TABLE 4.1.4.6: Frequency of Difference of Determined Age from Modal Age for each Expert 
Reader.  
 
  Difference from modal age 
Total 
different Expert 
-
8 
-
7 
-
6 
-
5 
-
4 -3 -2 -1 0 +1 +2 +3 +4 +5 +6 +7 
6   1   2 3 10 19 29 93 21 13 2 2       102 
13 1     1 2 3 10 68 108 2             87 
9     1   1   12 45 132 4             63 
2       1   5 8 19 137 21 3 1         58 
1               3 142 37 5 3 3 1 1   53 
10           1   1 133 42 12 4       2 62 
11             2 5 142 32 8 3   2 1   53 
12               11 144 29 4 4 3       51 
3         1 5 14 24 100 20 16 11 3 1     95 
5     1     4 5 42 141 2             54 
4         1   3 26 151 12 2           44 
8           1 1 20 141 20 11 1         54 
7         1   3 25 144 17 2 1 1       52 
14           2 10 24 136 21 2           59 
15             1 14 141 28 7 3   1     54 
Total 1 1 2 4 9 31 88 356 1985 308 85 33 12 5 2 2 941 
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Quarter No. of otoliths Percentage 
agreement 
Coefficient of 
variation 
Relative bias 
Jan - Mar 75 73 15  0.02 
Apr - Jun 25 59 15 -0.04 
Jul - Sep 35 (32) 70 (68) 48 (17)  0.02 (0.01) 
Oct - Dec 60 (59) 62 (62) 24 (18) -0.05 (-0.06) 
Overall 195 68 24 -0.01 
TABLE 4.1.4.7: Performance by Calendar Quarter in terms of Percentage Agreement, Coefficient 
of Variation and Relative Bias (figures in brackets are after the exclusion of otoliths with excep-
tionally high coefficient of variation) 
 
Modal age Number of otoliths per calendar quarter Total 
Jan - Mar Apr - Jun Jul - Sep Oct - Dec 
0       3    1     4 
1   8    2    5   15 
2   6 1   9    9   25 
3 10 0   5    6   21 
4 17 7   7    7   38 
5 11 1   6   11   29 
6   9 5   1    7   22 
7   5 3   2    3   13 
8   5 3    8   16 
9   2 3    2     7 
10   0 0    0     0 
11   0 1    1     2 
12   1 1       2 
13   0        0 
14   0        0 
15   1        1 
Overall 75 25 35 60 195 
TABLE 4.1.4.8: Modal Age of Mackerel by Calendar Quarter Determined by 15 Expert Readers 
 
ICES Area No. of otoliths Percentage 
agreement 
Coefficient of 
variation 
Relative bias 
IV 50 (47) 60.8 (58.7) 38.2 (15.9) -0.00 (-0.01) 
VI 30 (29) 73.8 (73.1) 30.2 (17.9) 0.02 (0.02) 
VII 20 65.9 12.4 -0.17 
VIII 65 71.1 16.5 0.02 
IX 30 66.7 17.1 -0.01 
TABLE 4.1.4.9: Performance by ICES area in terms of Percentage Agreement, Coefficient of Varia-
tion and Relative Bias (figures in brackets are after the exclusion of otoliths with exceptionally 
high coefficient of variation).  Only Expert Readers included. 
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Modal age ICES sub-area Total 
IV VI VII VIII IX 
0   3   1        4 
1   4   5    6    15 
2   6   4   4   6   5   25 
3   6   3   2   5   5   21 
4   7   5   3 15   8   38 
5   6   1   2 15   5   29 
6   4   4   5   5   4   22 
7   3   5   0   4   1   13 
8   7   2   1   6   0   16 
9   3    1   2   1     7 
10   0    0   0   0     0 
11   1    0   1   0     2 
12     1    1     2 
13     0       0 
14     0       0 
15     1       1 
Overall 50 30 20 65 30 195 
TABLE 4.1.4.10: Modal Age of Mackerel by ICES sub-area by 15 Expert Readers 
 
Country Institute Reader Percentage agreement with 
experts 
Eire Marine Institute 17 64 
Faroe FFL 19 36 
Faroe FFL 21 42 
France IFREMER 22 42 
France IFREMER 23 40 
Iceland MRI 18 51 
Netherlands IMARES 20 54 
UK - Scotland FRS 16 67 
TABLE 4.1.4.11: Percentage agreement of each inexperienced reader with Modal Age derived from 
Expert Readers only. 
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  Difference from modal age Total 
different Reader -9 -8 -7 -6 -5 -4 -3 -2 -1 0 +1 +2 +3 +4 
17       1 1   6 14 38 124 10   1   71 
19     1 2 2 4 15 24 21 70 49 7     125 
21   1   1 2 3 14 15 26 84 47 2     111 
22 1   1   3 5 19 16 65 82 3       113 
23 1   1   3 6 22 18 63 80 1       115 
18     1 1 1 2 13 17 55 104 1       91 
20   2 1   1 4 12 15 25 108 23 4     87 
16             1 2 26 130 28 4 2 2 65 
Total 2 3 5 5 13 24 102 121 319 782 162 17 3 2 778 
TABLE 4.1.4.12: Frequency of Difference of Determined Age from Modal Age for eight Non-
expert Readers.  
 
Institute Order of receiving otoliths 
(out of 13) 
Reader No. of unreadable 
otoliths 
IFREMER    4th 23   2 
vTI   6th   9   1 
FFL 10th 21   4 
IMARES 11th   2   8 
IMARES 11th 20   6 
MRI 12th 18 10 
DIFRES 13th   6 10 
TABLE 4.1.4.13: Summary of readers and institutes for which one or more otolith was unreadable. 
Otolith number No. of readers failing 
to determine age 
Otolith number No. of readers failing 
to determine age 
  16 2 153 1 
  21 1 156 5 
  22 1 160 4 
  29 1 161 1 
  58 1 162 2 
  59 1 163 4 
  60 1 164 5 
  96 3 165 5 
105 1 167 1 
117 1   
TABLE 4.1.4.14. List of otoliths which at least one reader found unreadable. 
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4.2 Workshop exercise 
An image based otolith reading exercise was performed before and during the work-
shop. 
The purpose of the exercise was to: 
• Assess the level of agreement between readers and labs 
• Analyse differences in age reading interpretation of otolith spatial patterns 
• Explore the usage of metric measurements of otolith structures as a solu-
tion to minimize divergence in age estimation 
• Assess the effect of WKARMAC 
• Test out image-based reading and OMAP as a new tool for aging work-
shops 
4.2.1 Material and methods 
100 otoliths from spawning mackerel (maturity stage 6), sampled by IMARES from 
commercial catches and egg surveys in 2007 and 2008 in ICES sub area IV and VII, 
were photographed by DTU-AQUA.  
The readers aged the otoliths by marking winter rings on the digital images viewed 
in OMAP v.1.3 (Jansen, 2010 871 /id). Images were presented with relevant data on 
biology and sampling. The user then electronically marked their interpretation of 
each winter ring on the image. The number and position of WRs were automatically 
stored in a database. After all readers had completed the exercise, figures and tables 
with relevant statistics were generated in OMAP. 
Part I of the reading exercise was performed by 6 readers before the workshop; this 
was followed up by 17 readers in part II, late in the workshop. 
4.2.2 Results 
The level of agreement by age in part I and II is depicted on Figure 4.2.1 and Figure 
4.2.2 and summarized in Table 4.2.1. There was a marked decrease in agreement be-
tween age 4 and 7. The overall agreement was low. The immediate effect of WKAR-
MAC was low (2%), but could only be measured on the 6 readers that had completed 
both parts of the exercise. If only experienced readers were taken into consideration, 
the average percent agreement was 28% with a CV of 22%.  It must be considered, 
though, that the exercise was held at day 2 in the workshop and we suggest that the 
effect of the WKARMAC is evaluated based on the results of the post-workshop ex-
change (see section 7). 
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Figure 4.2.1: Level of agreement by age in part I (left) and II (right). Note that there were no oto-
liths of 5 and 6 WR. * Overall Agreement was calculated as a weighted mean, with the weight of 
1/n, where n was the number of otoliths of the given age. This was to give each age equal weight. 
** Calculated for only the 6 readers from exercise I. 
 
Age 
(winter 
rings) 
Part I Part II Part II 
(readers 
from I) 
    
2-4   79 % 72 % 79 % 
7      32 % 26 % 36 % 
8-9      22 % 18 % 24 % 
10-11   23 % 12 % 19 % 
12+        5  %  4 %   9 % 
Table 4.2.1: Level of agreement by age-groupings in part I and II. Note that there were no otoliths 
of 5 and 6 WR. Agreement was calculated as a weighted mean, with the weight of 1/n, where n 
was the number of otoliths of the given age. This was to give each age equal weight. 
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Figure 4.2.2: Level of full agreement by age in part I (left) and II (right).  
 
The variation between readers was very high. Mean number of marked winter rings 
in the test set varied from 4.1 to 7.1. See Figure 4.2.3. 
 
 
Figure 4.2.3: Mean reader specific differences from part I (middle) and II (right) column.  
4.2.3 Conclusions and evaluation of the exercise 
The overall level of agreement (25%) was substantially lower than the achieved level 
in the exchange study (68%). This may be due to several factors, the most important 
being that this exercise did not take into account neither experience level, nor conti-
nuity of the participants re mackerel age estimation. Only subsets of the participants 
in the exercise were also part of the exchange study in 2008-2009; other readers were 
trainees with a very limited experience in estimating age for mackerel. If only the ex-
perienced readers were to taken into account when judging the results, the overall 
agreement was 28% with a CV of 22%; thus somewhat higher. However, as the 
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WKARMAC is the beginning of a renewed crew of mackerel age readers; we chose to 
include all readers in the results from the exercise. 
Secondly, the rather low percent agreement was without doubt a result of poor image 
quality and the unfamiliarity by the majority of the readers to age mackerel otoliths 
exclusively using images and not at least a combination of the ‘live’ otolith and an 
image. To have a more thorough evaluation of the agreement between the readers in 
this particular exercise, it would have been optimal to combine the two ways of read-
ing the otoliths and compare the results. However, this was not possible at the time 
due to both time constraints and the availability of the actual otoliths. Still, the WK 
found this exercise worthwhile, even though some readers prefer to read otoliths un-
der the microscope, it was concluded that when image quality is good, then otoliths 
are easy to read from images. The participants acknowledged the strengths and use-
fulness of this approach during an exchange or at a workshop instead of the more 
cumbersome traditional exchange of otoliths. 
Further conclusions from the study applied to the OMAP software package: (1) A 
‘preservation’ of the annotations would have been preferred. This would enable the 
readers to return to a previous picture and view the annotations performed on the 
picture. This could facilitate a re-evaluation of the annotations before submitting the 
data. (2) A useful feature would be to be able to make two sets of marking on each 
otolith, where differences were observed in the number of rings on the rostrum and 
post-rostrum. (3) A lot of age readers looked at the length of the fish before looking at 
the associated image, this might be detrimental as it can influence the reader’s age 
estimation. French experiments have shown that not knowing the fish’s length im-
proves ageing, for difficult otoliths. The length in these cases should not be shown 
before the user has finished annotating the image. The masking of length is especially 
important during training of new readers. 
4.3 Recommended actions for resolving interpretation differences between readers 
There were 12 otoliths (6%) upon which there was complete agreement on age among 
the 15 experts. These otoliths tended to be amongst the youngest as determined by 
modal age. Overall, with respect to modal age, the percentage agreement on age de-
terminations was 67.6% and the precision coefficient of variation was 23.8%. Relative 
bias in age determination by individual experts ranged between -0.59 and +0.45.  
The eight non-experts had a more pronounced tendency to underestimate when 
compared to modal age. Although the eight were described as being inexperienced, 
some are known to have had training in the reading of mackerel otoliths but have 
had limited opportunity to hone their skills, whilst others had no experience of read-
ing mackerel otoliths. 
The figures which should cause most concern at this point are the range of ages de-
termined against modal age, contained in Table 3. Such large discrepancies between 
age determinations highlight the need to hold a workshop, so participants can reduce 
these discrepancies and find a more “common ground” in which to work. Views on 
the effect of packaging and sending otoliths around a group of thirteen institutes over 
a period of a year should also be sought as this might have been an issue with this 
exchange of mackerel otoliths. 
The WKARMAC achieved Agreed Age up to age 6 through discussions and actual 
readings in plenary of selected otoliths. A major task lies ahead to achieve higher 
agreements on older individuals. First and foremost, validation studies are needed 
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and highly warranted. The WGWIDE was made aware of the age dependent varia-
tion of the age estimations and are encouraged to look further into a possibility of 
incorporating the increased variance around the problematic age groups in assess-
ment, e.g. by suggesting studies dealing with this issue. 
The recent changes in growth patterns, timing of spawning, and the extensive migra-
tion of mackerel, all give rise to both seasonal and spatial differences/changes in oto-
lith morphology. This does give differences in the edge appearance within season 
between areas and also gives rise to disagreements in interpretation. The aforemen-
tioned validation studies of these structures are vital for ironing out such differences 
in perception of the translucent/opaque zones in the mackerel otolith structure. 
The group put much effort into reaching agreement on a definition of ageing proto-
col/guidelines (Chapter 6 to the present report) and the aim is to employ these guide-
lines to eliminate some of the problems with e.g. interpretation of the otolith edge. 
The group strongly recommends that all ageing laboratories processing mackerel 
should include the guidelines developed during the workshop in their ageing manu-
als. All participants in the workshop agreed to follow the defined guidelines in the 
present report for the decided upcoming exchange of images to facilitate an evalua-
tion of the guidelines. 
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5 Report on progress of the compilation of biometrics data of mackerel 
otoliths (ToR c) and their applicability as supplement to age reading 
(ToR d) 
5.1 Introduction 
In assessment context, the result of age determination exercises is to determine catch 
proportions at age. The goal of the age determination is thus not individual ages but 
rather proportions of each age class at the population level. A method estimating 
these proportions on the basis of routine samples therefore appears desirable as this 
makes it possible to use either otolith biometrics, fish lengths or a combination hereof 
as ways to achieve proportions at age using easily reproducible and non-subjective 
measurements of these traits.  
Most approaches developed to achieve this suffer from asymptotic bias - i.e. bias does 
not tend to zero at large sample sizes. The four types of bias found in all early meth-
ods are:  
i ) Discriminant bias: Associated with specific types of ‘cutting rule’ in split-
ting overlapping distributions 
ii ) Smoothing bias: Occur when variation in proportion at age is ignored, 
leading to ‘smoothing’ of age-classes. 
iii ) Heteroscedastic bias: Occur when variation in variance by age are ig-
nored 
iv ) Calibration bias: Occur when proportions at age in the calibration sample 
are different from those in the population. 
During the WKARMAC a number of alternatives to reach proportions at age were 
discussed, particularly whether the methods could decrease the variance around the 
age estimates for the more difficult part of the population (e.g. older fish).  
5.2 Methods 
A prerequisite for any method giving age proportions from biometric data are 
known-age material covering the full span of ages and stocks and thus as such, none 
of the method discussed here have been performed on mackerel with such a certainty 
that they are valuable as an alternative to the current age estimation method. How-
ever, a number of them do hold the potential for decreasing the variance around the 
age proportions forming the base for assessment of mackerel. 
Length distributions from surveys and catches.  
Length distributions using commercial or scientific survey catches by length to differ-
ent times may be applied to estimate the recruitment, stock numbers at length and 
age and the fishing mortality during the period covered (Figure 5.2.1). The idea be-
hind the method is to try to identify the cohorts or generations of fish by following 
the peaks over time as indicated by the solid lines. The method assumes that the 
growth of the fish can be estimated simultaneously with stock size and mortality. 
Such length distributions may aid in reducing the variance in the age proportions if 
applied in unison with the age estimations (see section 5.4). 
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Figure 5.2.1: Length distributions of North Sea cod from the IBTS surveys over a period of 9 years 
(Kristensen et al., 2006). 
Otolith biometrics 
The otolith area of mackerel otoliths has been examined as a potential indicator of 
age. The method applied is the so-called “Length-Mediated Mixture Analysis” 
(LMMA). This method has been developed by (Francis et al., 2005) and provides un-
biased estimates. It is based on known-age Faroese cod and aims at estimating the age 
distribution in a population, rather than individual ages. Annex 3 to this report is a 
working document presenting this analysis (Hüssy et al., 2010, WD to the WKAR-
MAC 2010; Annex 5 to the present report). 
5.3 Applicability 
Using length-distributions from surveys and catches may be used as supporting in-
formation when judging the validity of the age estimations, however this still remains 
to be analysed based on known-age samples. 
Otolith biometrics like area are not particularly helpful for younger ages; the LMMA 
analysis could hold some information for the older age-classes, though, however 
again; this needs to be validated using a known-age production sample. 
5.4 Conclusions and recommendations 
Factors such as fish length, otolith weight, otolith area, etc may potentially be used 
statistically to reduce the noise around the estimations of age proportions if the dis-
tributions of these are used for post-processing of the age distributions achieved by 
otolith readings (A. Nielsen, pers.comm). Potential outliers and skewness of the age 
proportions may be rectified through such a process, however, a known-age relation 
between these features and the actual otolith appearance is vital and without such 
material the risk of bias and erroneous conclusions high. 
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Alternatively, the variance around the proportions at age could be included in the 
assessment of mackerel following the hypothetical model in Figure 5.2.2. These mod-
els are yet to be developed, however, it is necessary to define for each stock what 
variance can be accepted around SSB and Fbar by simulation studies (A.Nielsen, 
pers.comm.). 
 
Figure 5.2.2: Applying information of the variance around the age-estimates directly in assess-
ment. Ca: Catch at age; la: Length at age; CL: Catch at length; Nx: Stock numbers (e.g. SSB) at year x; 
Fx: Fishing mortality (e.g. Fbar) at year x. Source: A. Nielsen, DTU Aqua, Denmark. 
Such analysis of acceptable variance around the estimated proportions at age for 
mackerel was concluded to be of the utmost importance and the WKARMAC 
strongly recommends efforts put into this work. 
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6 Compilation of an agreed manual for age estimation of mackerel (part of 
ToR e) 
6.1 Introduction 
This section consists of two main parts, a methodology section describing the various 
approaches to storing, mounting and viewing the mackerel otoliths by all participat-
ing laboratories, and secondly an agreed set of ageing criteria made by the WKAR-
MAC which is an update of all previously used ageing criteria, bridging across 
differences in perception between readers. The more recent changes in mackerel be-
haviour in terms of timing of spawning and migration patterns thus call for addi-
tional validations of otolith structures, however, the manual can be applied as of now 
bearing these changes in mind. 
6.2 Methods and preparation 
Various methods of preparation of otolith samples are used by mackerel otolith read-
ing institutes. Details on each of these are listed in table 6.2.1. 
Firstly, the otoliths are extracted from the fish. Mackerel otoliths are removed by 
making a horizontal cut to the head above the eye from the posterior end of the oper-
culum to the snout. Then a second lateral cut on the head’s dorsal side at right angles 
to the first cut so as to remove that piece of the flesh. This exposes the otic capsule 
and then both otoliths are removed from the grooves they lie in. For this, straight 
tipped watch-makers forceps should be used. Care should be taken to ensure the oto-
liths are kept whole as these structures are very fragile. Alternatively one horizontal 
cut in the mackerel head can be made in the shape of an ‘M’ which expose the oto-
liths. 
All institutes have procedures for cleaning the otoliths immediately after extraction. 
This is required to remove any blood or membrane attached to the otolith. If these are 
not removed they can dry and create difficulties when the otoliths are read. 
An aspect of otolith preparation common to all institutes is the collection and initial 
storage. Otoliths are collected and put into wells on black plastic trays. It is important 
the trays are black in order to maximise the contrast between the background and the 
structures. 
The subsequent preparation methodology prior to ageing varies between institutes. 
This can be broadly divided into two categories, those that fix the otoliths to the 
slides and those that keep them loose. 
For the fixed method transparent resin is used to cover the otoliths. This has the effect 
of creating a permanent refractive index surrounding the otolith once the resin has 
hardened.  
Alternately, otoliths can be read loose in the wells. For this a transparent liquid of 
appropriate refractive index, most commonly ethanol, is added to the wells. 
Both of these methods have benefits and drawbacks, which are listed in table 6.2.2. 
It is recommended by the majority of institutes that the otoliths are viewed with a 
binocular microscope, using bright reflected light, preferably from a fibre optic light 
source, with a magnification of between 15x and 40x depending on the size of the oto-
liths, (Anon, 1995).  
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 Institute Cleaning 
process 
Preparation Medium Coverslip Pairs of 
otoliths 
per slide 
Read with  
image 
analysis 
England 
(CEFAS) In hot water Fixed Clear Resin Yes 25 No 
Scotland (MSS) In water Loose Ethanol N/A 60 No 
Ireland (MI) In water Fixed Clear Resin No 25 No 
Spain (IEO) In water Fixed Clear Resin Yes 10 No 
Spain (AZTI) In water Fixed Clear Resin No 25 No 
Netherlands 
(IMARES) In alcohol Fixed Clear Resin No 25 No 
Denmark (DTU 
Aqua) In alcohol Loose Ethanol N/A 25 No 
Norway (IMR) In water Fixed Clear Resin No 25 No 
Germany (vTI) 
In mild soap 
solution Fixed Clear Resin Yes 200 No 
Portugal 
(IPIMAR) In water Fixed Clear Resin No 10 No 
Iceland (MRI) In water Loose Ethanol No 10 No 
France 
(IFREMER) In alcohol Loose Water N/A 60 Yes 
Russia (PINRO) In water Loose Glycerine N/A 10 No 
Table 6.2.1: Summary of Mackerel otolith preparation techniques used. 
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Mounting method Benefits Drawbacks 
Resin only Otoliths are securely fixed  
 
Storage is easy following ageing 
 
Growth rings can appear very 
clear 
 
Otoliths cannot be manipulated under 
the microscope 
 
Resin can deteriorate and otoliths 
become impossible to read i.e.: 
“frosting” or “cracking” 
 
Insufficient resin causes difficulty in 
reading due to light “scatter” 
 
A fume cupboard must be used when 
using resin due to health risks 
 
Time consuming task 
 
Otoliths cannot be used for any other 
process eg: microchemistry, 
microstructure 
 
Resin with coverslip Otoliths are securely fixed 
 
Otoliths are permanently 
protected 
 
Resin does not deteriorate 
Storage is easy following ageing 
 
Otoliths cannot be manipulated under 
the microscope 
 
A fume cupboard must be used when 
using resin due to health risks 
 
Time consuming task 
 
Otoliths cannot be used for any other 
process eg: microchemistry, 
microstructure 
 
Loose in Ethanol Otoliths can be manipulated 
under microscope 
 
Very time efficient, many otoliths 
can be read in one day 
 
Otoliths can be used for other 
purposes eg: microchemistry, 
microstructure 
 
Otoliths can be lost or damaged easily 
during the process 
 
Storage of otoliths can be an issue 
 
Health and safety issues with flammable 
medium 
Table 6.2.2: Benefits and drawbacks of some of the most commonly used methods of 
preparation. 
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6.3 Agreed criteria for ageing mackerel 
6.3.1 Viewing the otoliths 
There are two ways of reading mackerel otoliths. The most commonly used is using a 
binocular microscope, with a reflected light source and a magnification of between 
x15 and x40, depending on the age of the mackerel. Alternatively the age can be esti-
mated reading digital images (section 6.3.1.1)  
6.3.1.1 Age estimation applying digital images 
Reading digital images and reading directly onto the images using an image analysis 
system is an alternative to reading the otoliths under a binocular microscope. Apply-
ing this method, the preservation of both reference materials (digitised images of oto-
liths) and the interpretations of the age structures (annotations done by the reader) 
can benefit.  
It must be borne in mind that a digitised image does not hold the same ‘information’ 
for the human eye and the computer. The reader would obviously prefer the best 
possible image mirroring what is seen in the microscope (i.e. showing all structures of 
the otolith) whereas the computer just records an image as a matrix of numbers. The 
latter does allow a wide span of post processing, e.g. improving image quality, ex-
tracting structures, making measurements, etc. 
Holding all otoliths in an image database first and foremost preserves all collected 
material as the pictures do not deteriorate like biological material (scales, otoliths), 
thus all information shown in the pictures are kept for good. The images facilitate a 
number of things:  
• Re-estimation of the age (repeatability of the reader) 
• Sharing otoliths with other readers 
• Storing information about the readings (traceability) 
• Quantitative measurements (growth curves, back calculation, statistical 
processing, etc) 
• Potential improvements of the original image to make the structures more 
visible 
The quality of the digital image obviously has to be as good as possible, thus atten-
tion should be paid to light setting, magnification, etc. It is highly recommended that 
the quality of both the microscope (in particular the objective) and the camera used is 
as good as possible. The pixel capacity and the light sensitivity of the camera are of 
particular importance. 
Making sure the image is of the highest quality implies a number of things: 
• Good preparation of the sample (each species has its own specific method) 
• Special attention should be paid to the background and the light, the goal 
is to have a strong contrast between the opaque and translucent zones 
(avoid overexposed images) 
• The digitised image must be as close as possible to the image you have un-
der the microscope 
• The images have to be calibrated (using micrometer as a reference) with 
the maximum of precision 
• The image database should be connected with a database holding all the 
biological data of the fish 
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When making age estimations directly on the digitised image, the age structures 
should be marked applying simple image analysis software. This facilitates a number 
of post-processing measures, as e.g. achieving average distances between rings, com-
parison of the growth curve of a specific otolith with the overall growth curve for the 
otoliths of a particular sample/quarter/etc. It also makes back-calculation of length 
and additional statistical analysis possible. It must be recognised however, that most 
of this can only be reliably achieved on images of whole otoliths and not on sectioned 
otoliths. 
The system, by which otoliths are read directly from digitised images and not using a 
microscope, is fully implemented at IFREMER, France. Here the otolith reader esti-
mates the age of an individual twice, annotates the age structures on the image and 
checks the entire sample for outliers after finishing the reading exercise. The length of 
the individual fish is unknown to the reader while doing the age estimation. This in-
formation is used as a post-process check using the age-length keys produced for 
each sample. This technique has been tested by the French institutes where readings 
performed with ‘live’ otoliths under a microscope were compared with readings per-
formed directly on digitised images. The percentage of agreement for all species was 
more than 98%, testing on less complicated otoliths as plaice. However, if trained 
properly and having a suitable set-up in terms of camera, etc, this technique may be 
as solid as the more traditional age reading process. 
Other institutes have not adopted this system as the increased time taken to photo-
graph all otoliths in a routine ageing program is prohibitive and the results have been 
highly variable when tested. The percentage agreement stated by IFREMER between 
images and otolith reading has not been replicated across all species in other labs, 
even for multiple readings using the same method. Indeed, when using images alone 
for exchanges, nothing like this level of agreement has been achieved for any stock. It 
has to be concluded that digitised images are very useful for reference collections and 
exchanges, but their use for routine ageing programs but their use for routine ageing 
programs demands a certain degree of training of the readers. 
6.3.2 Age determination criteria 
It is essential that all otoliths readers are aware of the age determination criteria that 
should be applied before age determination is attempted (Anon., 1994). The age de-
termination criteria for mackerel are as follows: 
1 ) The date of birth is assumed to be 1st January and the fish is assigned to a 
year class on this basis. Therefore, the date of capture of the sample should 
always be available. 
2 ) One opaque zone and one translucent (hyaline) zone constitutes one year 
of growth (annulus). 
3 ) The timing of the formation of the opaque zone on the edge of the otolith is 
heavily dependent on the area from which the sample was taken. When al-
locating the fish to a year class therefore, the area of capture should also be 
known. 
4 ) The summer increment (opaque zone) should be continuous around the 
otolith (the “ring” should be visible in at least two areas) 
5 ) The relative widths of each ring should progressively be smaller as the oto-
lith grows. Although conditions affecting the life history of the fish can 
create unexpected relative width proportions between annuli.  
28  | ICES WKARMAC REPORT 2010 
 
6 ) For mackerel caught in the 1st and 2nd quarter of the year, all winter rings 
and the translucent (hyaline) edge are counted. The translucent (hyaline) 
edge is always counted as one winter ring, even if nothing or very little is 
visible. Sometimes in young fish from ICES div. VIIIc-IXa, the new ring 
may not be counted as it depends on how much opaque growth is present 
(Figure 6.3.2). Thus, the area of capture is very important in this quarter. 
The decision to include the margin or not should be based on area (up to 
April and May). For otoliths caught from 1st January to 30th June the 
reader should count all translucent (hyaline) rings and for those otoliths 
caught from 1st July to 31st December the reader should assume that the 
last hyaline ring is not fully formed and therefore not count it. However, if 
this last ring is thick, then it is probably from last year.  It has been noted 
that a narrow opaque zone is seen at the edge of some otoliths and may be 
due to a change in the summer growth pattern. The translucent (hyaline) 
zone that appears before this opaque zone should be counted. A study on 
the otolith edge is recommended to clarify this. 
First semester of the year 
 
Opaque Hyaline New opaque 
1 year 
Figure 6.3.2: Diferent kind of 1 year-old mackerel otoliths that are found during the first semester 
of the year. Azti-IEO. (Paulino Lucio, pers. comm.) 
7 ) The edge of the otoliths. The timing of the opaque ring formation on the 
edge of the otolith differs considerably from one area to the other. It is use-
ful to collect information regarding which months the opaque edge and the 
translucent (hyaline) edge on the otolith is laid down for each area and age 
of the fish. For example, the opaque ring formation is earlier in young fish 
and more southern areas. This information should help otolith readers 
with the interpretation of the edge of the otolith. 
8 ) It is a recommendation of this Workshop to register the confidence level 
the reader has in their otolith reading, reflecting the quality of the data. 
Most readers should use a scale of 3 levels of quality: 
• Rings can be counted with certainty: 1 
• Rings can be counted, but with difficulty and some doubt: 2 
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• Rings cannot be counted, the otolith is unreadable: 3 
However, Cefas have to use a 4 level key: G (Good), M (Moderate), P (Poor) and 99 
(Unreadable). This is because this system is detailed in their accreditation under ISO 
17025 and therefore cannot be changed. For the purposes of mapping the 4 level key 
to the 3 level key, M and P are analogous to level 2.  
6.3.3 Other available information 
Other information may be available about the fish including length and maturity. 
There is a school of thought that believes that length information may influence the 
decision of the reader when assigning an age. While this may be true, any experi-
enced otolith reader will know the approximate length of the fish purely from the 
features of the otolith. It could be an advantage to have the length available when 
reading samples of otoliths that are mounted together in large numbers. It is often 
possible to identify whether otoliths have been mixed up during sampling or prepa-
ration. 
6.3.4 Otolith interpretation 
It is always preferable to have the pair of whole otolihs available when trying to in-
terpret the ring structure. Mackerel otoliths can vary in appearance and therefore it is 
important to remember that there is no one “correct” position where to count rings. 
Ideally, the translucent (hyaline) rings should be counted and usually the preferred 
areas include the rostrums and the posterior regions. As many locations as possible 
on the otoliths should be examined where the ring structure is clear and the annual 
rings are visible. This usually involves counting at the rostrum and the posterior re-
gion until the reader is satisfied that consistent interpretation has been achieved. 
However, it is sometimes possible that other areas of the otolith are readable, e.g. the 
anti-rostrum, and interpretation of appropriate parts of the otolith should be consid-
ered, especially if one of the otoliths is broken, missing or crystalline. 
Conflicting ages may be achieved if several parts of the otoliths are examined (usu-
ally in older fish). If this happens, the oldest age is probably the correct one, as ex-
amination of tagged fish otoliths of known minimum age has demonstrated that the 
highest age is more consistent with the information on the history of fish (Anon., 
1987a and section 6.2). Therefore, as a general rule, if in doubt about the interpreta-
tion of the rings, assign the fish to the highest age. However, this does not mean that 
false or split rings should be counted. 
6.3.5 False or Split Rings 
It is always difficult to define the appearance of false or split rings on otoliths for any 
species. Usually these are properly identified only after much experience has been 
gained for a particular species. False or split rings are usually considered to be those 
rings that are not as well defined as annual rings. The reason for the deposition of 
false or split rings is not certain, but they might be caused by aberrant temperature, 
feeding or spawning conditions, stress or disease.  
6.3.6 Factors affecting annual ring formation 
6.3.6.1 Formation of the first winter ring  
Mackerel spawn from January to April in (Division IXa), from February to May in 
southern Biscay (Division VIIIc), March to July in the Celtic Sea and to the west of 
Ireland, from June to August in the North Sea (Divisions IVb and IIIa) (Section 3.7). 
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Therefore the amount of time available for growth and the formation of the opaque 
zone in the first year will vary within and between areas. It is therefore reasonable to 
expect a large amount of variation in the length of the L1 (first years growth on the 
otolith) and this should be borne in mind when interpreting the first opaque and 
translucent zones. In addition to the variation in L1 between areas, it is also been 
demonstrated that there is considerable variation in the L1 between years for the 
Celtic Sea and the North Sea (Dawson, 1991). The reader therefore, when interpreting 
the ring structure should be aware of sources of variation that may affect the nature 
of annual ring formation in the first year. 
6.3.6.2 Age at maturity 
In the majority of mackerel otoliths examined, there is a change in the pattern of ring 
formation that is presumably associated with the onset of maturity. Usually, growth 
slows down when the fish diverts much of its energy into gonad maturation. The re-
sultant effect on the otolith is that for juvenile fish a large amount of opaque growth 
is produced between much narrower translucent rings. After maturity, growth slows 
down and both the opaque and the translucent rings become narrower and therefore 
closer together. 
The above description is only a guide to the pattern of ring formation and obviously 
there is much variation in the age at maturity within an area as well as between areas. 
It is also possible that this change in the pattern of ring formation associated with ma-
turity is not present. Sometimes otoliths maybe observed to have very regular, clearly 
defined ring formation with only a linear decline in growth rate. 
6.3.6.3 Reduced growth in very old fish 
In most young and middle aged fish, the growth pattern is well defined on the otolith 
with clear contrasting opaque and hyaline zones. However in old fish, growth often 
slows down to such an extent that the opaque and translucent (hyaline) zones be-
come confused and more difficult to distinguish. That portion of the otolith will have 
a greyish appearance. When this type of ring formation is observed, the reader usu-
ally finds that the translucent (hyaline) rings are very close together and difficult to 
identify. However, usually each narrow translucent (hyaline) ring and opaque ring 
represents one year’s growth.  
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7 Collation of a set of agreed age otoliths (part of ToR e) 
The WKARMAC decided to perform a post-WK exchange to test the agreed guide-
lines for age estimation of mackerel, in particular to relate to the recent changes in 
mackerel biology which could give the different patterns in the otolith which readers 
are observing (when following the existing manuals). The otoliths from this 3rd ex-
change will form the basis of a reference collection of agreed age otoliths, which 
should be maintained and updated with a frequency of four year intervals. 
The exchange will consist of 251 images from Germany, Norway, Iceland, England 
and Spain in roughly equal numbers, covering as many sea areas as possible. The im-
ages will be viewed applying the age determination criteria established at the work-
shop and not the current criteria of individual institutes. This will ensure the criteria 
are properly tested and assessed by reviewing the agreement rates of the exchange. 
No image marking is required in the first instance as it is more important to get the 
results early, make the assessment of the criteria so that they can be verified for the 
report of the workshop. 
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8 Recommendations for further cooperation, exchanges, workshops and 
other actions in relation to the age estimation of Mackerel (part of ToR 
e) 
8.1 General recommendations 
Annex 3 holds all agreed recommendations and the designated groups for which 
the recommendations are made. 
The workshop achieved quite a lot in terms of ironing out, through discussion and 
calibration, some of the major problems in ageing mackerel otoliths. The group 
reached agreement on a definition of an ageing protocol/guidelines mentioned in the 
present report and the aim is to employ these guidelines to eliminate some of the 
problems with e.g. split rings in the otolith structures. The group strongly recom-
mends that all ageing laboratories processing mackerel should include the guidelines 
developed during the workshop in their ageing manuals. If possible the ICES system 
should facilitate the distribution of these guidelines to all relevant laboratories. For 
the sake of continuity, it is highly recommended that new readers are trained by ex-
perienced readers prior to delivering data to the assessment on mackerel. The work-
shop exercise clearly showed a difference in the level of agreements between 
experienced readers and then the large group of readers with varying degree of ex-
perience. 
All participants in the workshop agreed to follow the defined guidelines in the pre-
sent report for the decided upcoming exchange of images to facilitate an evaluation of 
the guidelines. 
Through the discussions at the workshop it became apparent that the various life his-
tory traits for the mackerel have changed recently and that knowledge of this is 
highly important for the age readers. In addition, all age readers would benefit from 
more information on the formation of otolith structures in mackerel, especially the 
formation of split rings and the seasonally dependent appearance of the otolith edge. 
Thus, the group recommends the inclusion of such studies on otolith formation in 
general for mackerel. 
Below are some general recommendations by the group for further action.  
8.1.1 Manual 
The age reading manual produced at this workshop should be maintained and fur-
ther developed in the future. The report should be published e.g. through CORDIS. 
8.1.2 Standardised reading within laboratories. 
It is essential that otolith readers, whether fully trained or otherwise, have their work 
quality controlled. There are two main reasons for this. The first is that by conducting 
quality control, extremely valuable evidence of the precision of an age determination 
programme can be obtained. It is vital that the ages assigned to otoliths that are used 
in assessments are assigned the “best” age, given the methods at our disposal. As the 
actual age of the fish is unknown, age determination experts need to ensure the age 
provided is as close to the actual age as possible and that the ages given are repeat-
able if the determinations are redone. By having two experts independently ageing 
the otoliths, we can give assurances about the reliability of the data. 
Secondly, even the most experienced readers are capable of drifting away from their 
training over time and another reader looking at a sample of their reading to check 
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consistency will ensure no drift occurs. This effort to ensure consistency of interpreta-
tion is further enhanced with the use of reference collections. The quality controller 
(QC) will be a very experienced reader in the species and probably the stock con-
cerned. In this way, the effectiveness of the age determination programme to produce 
consistent results can be assessed and assured.  
When a reader has determined the age of the fish, whether by being checked or not, 
the QC should be given approximately 150 otoliths from the 2nd and 3rd quarters to 
re-age. These should be selected by someone else (the Co-ordinator of Age Determi-
nation), who selects the otoliths to be quality controlled to ensure that the QC does 
not influence the results by their selection and that the whole of the length and age 
ranges are represented. The middle two quarters are chosen as they cover the main 
growth period and therefore the areas of likely uncertainty over the age. The otoliths 
should be read by the QC without knowledge of the ages previously assigned. The 
results are then compared and any discrepancies notified to the reader to check.  
It is anticipated that the agreement on this check will be at least 90%. Where QC 
agreement rates fall significantly below this level, the Co-ordinator of age determina-
tion should investigate the reasons with the reader and QC to see if there are any re-
solvable problems with the otoliths concerned. The QC should have instructions to 
follow in the event of a failure to make the agreed quality control agreement level 
and / or if the APE is greater than 3%. These can be seen in Table 8.1.2.1. 
When the Co-ordinator of Age Determination is consulted at the end of this process, 
they should review the paperwork, the otoliths and the ages with both the reader and 
the QC, providing advice and guidance, attempting to resolve any unresolved ages 
with them. It is envisaged that by this point, enough of the differences can be re-
solved to ensure the agreement levels are reached. If this is not possible, the Co-
ordinator of Age Determination will be the final arbiter of the age.  
Action required if QC result falls below target: 
% below target Action required 
0.1 – 2.0 Review disagreements with the reader and establish an agreed age. If this proves 
impossible, contact the Co-ordinator of Age Determination for advice. 
2.1 – 5.0 Check for obvious errors the reader may have made (skipping fish or rows etc), 
establish the pattern in reading (under-ageing, over-ageing, edge problems etc). Review 
disagreements with the reader and establish an agreed age. If this proves impossible, 
contact the Co-ordinator of Age Determination for advice. 
5.1+ Contact the Co-ordinator of Age Determination immediately. 
Action required if the APE is greater than 3%: 
% Agreement Action required 
Above QC target There may be a problem with the readers’ interpretation of younger fish. Review 
disagreements with reader. 
Below QC target Contact Co-ordinator of Age Determination immediately as it may be necessary to 
conduct more checks than a standard QC. 
Table 8.1.2.1: Actions to be taken by the QC if agreement rate falls below the target. 
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8.1.3 Quality control between labs.  
Quality control of age estimations between national laboratories can be achieved in at 
least two ways; 
• The standard exchange programme and workshops under the ICES pro-
gramme. Readers read a set of otoliths and are compared with a modal 
age. This provides a snapshot of the agreement between readers, both ex-
pert and trainees, for the year in which the exchange or workshop takes 
place. It is particularly useful as many laboratories can take part and re-
sults compared. It can be used to confirm the validity of a laboratory’s age-
ing criteria and interpretation or show problems. Exchanges and 
workshops can be expensive, slow to organise and therefore results are 
slow in arriving. 
• A small scale, ad hoc exchange or workshop between two or more labora-
tories looking at a specific stock or sub-stock of the species, incorporating 
just those countries that have a direct interest in the stock. This type of ap-
proach is particularly useful to ensure that ages submitted to the stock as-
sessment process are comparable. This type of exchange or workshop is 
inexpensive and can be done quickly to address the issues. 
8.1.4 Regular workshops 
The past frequency of workshops has been more or less decadal, which certainly does 
not cover the requirement for intra laboratory quality control of the age estimation of 
mackerel. Several factors need to be considered when deciding upon the frequency of 
workshops; there is the constant changing in behaviour of mackerel, which heavily 
influence the otolith morphology and thus the patterns to interpret. Also there is a 
flow of age readers through the laboratories, which need to be considered. It should 
be ensured that all labs do have at least one age reader acquainted with the agreed 
guidelines for age estimations of mackerel. Additionally there is always a need to 
update the flow of information between age readers, data collectors and end users. 
Thus WKARMAC recommends the inclusion of both assessment experts and age 
readers in future workshops. It proved very valuable for WKARMAC to have the 
previous chair of WGWIDE present at the workshop during discussions of results 
and their potential consequences. 
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Annex 1: Agenda 
 Monday, November 1st, 2010 
 
13:00 – 13:30  Welcome; agreement on the agenda and participants; practicalities, etc. 
13:30 – 15:00 Presentation of the exchange results, including on-screen discussion of relevant otolith readings 
15:00 – 17:00 Review information on age estimations, otolith exchanges, workshops and validation work done 
so far. 
 
17:00 – 18:00 Drafting the Table of Contents for an ageing manual 
 Tuesday, November 2nd , 2010 
 
09:00 – 12:00 Age-reading exercise; a ‘re-run’ of the exercise performed prior to the wk using OMAP 
12:00 – 13:00 Lunch 
13.00 – 14:00 Revise the age estimation procedures and explore the possibilities to use supplementary 
information for validating estimated age structures 
14:00 – 15:00 Plenary re the progress on manual writing; discussion on ways to proceed 
15:00 – 17:30 Working in sub-groups on the manual and draft report 
17:30 – 18:00 Concluding and summing up the day’s work, plans for progress 
 Wednesday, November 3rd, 2010 
 
09:00 – 09:30 Summing up progress on manual and draft report; assignment of tasks  
09:30 – 12:00 On screen debate on interpretation criteria of mackerel otolith structures using material from the 
exchange. Aiming at an agreed age collection. 
12:00 – 13:00 Lunch 
13:00 – 14:00 Resolve interpretation differences between readers and laboratories by performing an in depth 
analysis of difference in age reader interpretation of otolith spatial patterns and explore the usage 
of metric measurements of otolith structures as a solution to minimize the divergence in age 
estimation (based on exchange otoliths where age structures have been identified by all readers) – 
this could lead to collation of a set of agreed-age otoliths for a reference collection 
14:00 – 17:00 Further development of a common manual for age determination of mackerel (writing, plotting, 
discussing, etc) 
19:30 – 2200 Social event. 
 Thursday, November 4th, 2010 
 
09:00 – 12:00 Plenary reading of the manual as it stands – reaching perfect agreement on age estimation criteria 
Plenary discussion of WKARMAC recommendations, including input from WGWIDE; discuss 
further cooperation between age readers, otolith sample exchange, bilateral cooperation, and 
workshops 
Working in sub-groups to finalize drafts 
12:00 – 13:00 Lunch – and time for goodbyes and bon voyage’s… 
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Annex 3: Recommendations 
The WKARMAC strongly recommends a solid study on the edge development of 
mackerel otoliths due to the recent changes in otolith morphology. The appearance of 
the otolith edge in a given area and season appears to have changed in recent years, 
causing the majority of the disagreements between the readers of mackerel otoliths. 
In particular, attention should be paid to the younger individuals and the appearance 
of the edge over the season depending on area. 
The existence of otoliths from the Norwegian Mark-Recapture experiments is poten-
tially the golden stones and could iron out many subjective assumptions relating to 
the age estimation of mackerel from this area (and potentially other areas). It is of 
utmost importance that the dimensions and availability of such material is clarified 
and that efforts are made to reach agreement on potential availability for coordinated 
validation studies. 
The WKARMAC strongly recommends the application of the Reading-Grade by all 
laboratories applying data for the assessment. This would increase the possibility to 
make a valid judgement of the quality of the assessment. 
The WKARMAC highly recommends the application of the criteria for age reading 
stated in the manual by all laboratories applying data to the assessment working 
group. Ideally the guidelines found in the manual produced during the WKARMAC 
should form the backbone of all manuals applied when age estimating mackerel oto-
liths. 
The WKARMAC recommends a higher degree of continuity of readers of mackerel in 
the future to avoid a total shift of generations as seen recently. This would facilitate a 
continued common perception of otolith structures and also ensure that changes in 
these would be detected. 
The WKARMAC recommends a study of the area specific summer growth in the oto-
liths making a comparison between areas possible. This would facilitate a correct in-
terpretation of the growth zones. In connection with such a study it would be highly 
warranted to achieve a quantitative estimate of the degree of migration between the 
areas. 
The WKARMAC recommends efforts put into an analysis of acceptable variance 
around the estimated proportions at age for mackerel. The overall agreement in all 
previous workshops and the WKARMAC was never more than around 70% and it is 
doubtful whether it is possible to reach higher levels of agreements for the older part 
of the mackerel population. The WKARMAC has reconfirmed the validity of the age 
estimations up to age 4 using the existing methodology. The validated range of ages 
would without doubt be increased dramatically if the recommendations concerning 
studies of the otolith morphology (particular the otolith edge and the known-age oto-
liths held by Norway) are followed.  
The WKARMAC recommends a revision of what is known of Mackerel biology; ap-
parently the spawning time has shifted/prolonged in some areas which could influ-
ence the appearance of the otolith. 
The WKARMAC is setting up a follow-up exchange to evaluate the agreed guidelines 
for age estimation of mackerel. The results will be the foundation of a reference col-
lection. The results will be available in the beginning of 2011 as an addendum to the 
present report. 
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RECOMMENDATION FOR FOLLOW UP BY: 
1. Study of otoltih morphology, paricular the edge structures PGCCDBS 
2. Age validation applying mark-recapture otoliths PGCCDBS and billatteral 
negotiations with IMR, Bergen 
3. Application of the Reading-Grading-System PGCCDBS 
4. Application of the manual agreed by WKARMAC by all ageing 
laboratories 
PGCCDBS and in turn all 
institutes delivering mackerel 
data 
5. Study of the area specific otolith growth and the degree of 
stock mixing 
SCICOM 
6. Study of the acceptable degree of variance around age 
estimates for mackerel 
WGWIDE 
7. Revision of general mackerel biology SCICOM 
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Annex 4: State of the art of known mackerel biology 
Introduction 
This section reviews knowledge of the mackerel (Scomber scombrus; order Perciformes, 
family Scombridae) in relation to the effects of climate change on the distribution and 
the production of the stocks, and focuses on observed changes as well as underlying 
mechanisms. The revision is part of the ICES Cooperative Research Report Nº 301, 
May 2010 by Christine Röckmann and Mark Dickey-Collas. 
General biology 
The mackerel is a species of commercial importance and also a game fish. A pelagic, 
ocean and coastal dwelling species, it has a depth range of 0 ‒ 1000 m. Occurring b e-
tween 25°N – 70°N and 77°W – 42°E, the mackerel is considered a temperate fish spe-
cies that inhabits the eastern Atlantic, southwestern Baltic Sea, Mediterranean and 
Black seas, and the western Atlantic from Labrador to Cape Lookout (North Caro-
lina). Mackerel are abundant in cold and temperate shelf areas, forming large schools 
close to the surface. They overwinter in deeper waters, but move closer to shore in 
spring, when water temperatures range between 11 °C and 14 °C (FishBase, 2007; 
Muus et al., 1997; Muus and Nielsen, 1999). 
ICES currently uses the term “Northeast Atlantic mackerel” to define the mackerel 
present in the area extending from ICES Division IXa in the south to Division IIa in 
the north, including mackerel in the North Sea and Division IIIa. Mackerel migrate 
extensively between their winter feeding grounds and more southern spring and 
summer spawning grounds. The spawning areas of mackerel are widespread, but 
only the stock in the North Sea is sufficiently distinct to be clearly identified as a 
separate spawning component. In order to keep track of the development of the 
spawning biomass in the different spawning areas, the Northeast Atlantic mackerel 
stock is divided by area into three components: the western spawning component, 
the North Sea spawning component, and the southern spawning component. In parts 
of the year, the three components have overlapping distributions, and a part of the 
southern component is fished in the northern area. 
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Mackerel mature at around the end of age 3 and at a length of ca. 30 cm. Mackerel 
spawn its eggs in the European shelf edge from the south of the Iberian Peninsula to 
the west of Scotland (ICES 2008). The main spawning areas are concentrated in the 
west and southwest of Ireland, the Celtic Sea slope, and in the Cantabrian Sea (SE-
FOS, 1997). Spawning occurs from January to July. In the Cantabrian Sea, mackerel 
spawn mainly in March ‒ April, west of Ireland they spawn in May ‒ June, and in the 
North Sea they spawn in June ‒ July. Peak spawning has been reported to occur in 
April off Cantabrian Sea and in May off southwest Ireland. The spawning migration 
path follows the shelf edge for most of its route, with the fish being found generally 
between the 100 m and 250 m contours (Walsh et al., 1995). Mackerel are batch 
spawners. Close to the surface, females lay ca. 200 000 – 450 000 eggs, and larvae are 3 
– 4 mm long at ca. 6 days post hatching. Eggs and larvae are pelagic. Mackerel 
growth is very fast in the first months, reaching 22 cm at the end of the year in which 
they were born, age group 0 (Villamor et al., 2004a). 
After spawning, the adults forage very actively in small shoals. Adults exhibit diurnal 
feeding activity, and diets consist of zooplankton and small fish, such as young cod 
(Gadus morhua), herring (Clupea harengus), sprat (Sprattus sprattus), and sandeel (Am-
modytes marinus). The most important feeding areas are located around the Shetland 
Islands and in the northern North Sea. The diet of the juveniles in spring consists of 
euphausiids, crustacean larvae, and other zooplankton. Euphausiids were reported to 
form 90 % of the spring diet in adults. In autumn, juveniles were reported to eat hy-
periids and gelatinous zooplankton, whereas adults targeted blue whiting (Microme-
sistius poutassou; Olaso et al., 2005). During the long distance feeding migration, 
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mackerel can form schools that are 200 m wide and extend to a depth of 100 m. 
School density can be ca. 9 fish m −3 (Walsh et al., 1995; Muus et al., 1997; Muus and 
Nielsen, 1999). 
Mackerel are preyed upon by the porbeagle shark (Lamna nasus), spiny dogfish (Squa-
lus acanthias), cod, bluefin tuna (Thunnus thynnus), swordfish (Xiphias gladius), har-
bour porpoise (Phocoena phocoena), and harbour seal (Phoca vitulina). Parasites of the 
species include the monogenean Kuhnia scombri on the gills, trematodes (Podocotyle 
atomon and P. simplex), and nematodes (Anisakis simplex and Haematractidium scombri; 
Scott and Scott, 1988). 
Mackerel can attain a maximum size of 60 cm (Muus and Nielsen, 1999). The maxi-
mum published weight of a mackerel is 3.4 kg (Frimodt, 1995), and the maximum 
reported age is 17 years. Mackerel do not have a swimbladder and can therefore 
quickly change depth without suffering from pressure differences. 
Observed changes in production 
Variability in annual growth rates of Northeast Atlantic mackerel may be influenced 
by environmental factors as well as by population and life history factors. During 
their migrations, adult mackerel are subject to highly variable environmental condi-
tions (e.g. upwelling), which influence their growth and reproductive potential and 
may have a major effect on juvenile growth. Dawson (1986) and Villamor et al. (2004) 
hypothesized that growth differences between mackerel in different areas are caused 
by gradual spatial and temporal changes in length at age during migration. The larg-
est fish of a certain age can migrate greater distances, reach spawning areas earlier, 
and leave for feeding areas earlier than smaller ones. This would lead to successive 
changes in length and weight at age and, thus, a variable growth pattern along the 
geographic distribution range of the species. 
Another cause of variability in mackerel growth rate may be the effect of population 
density, which particularly affects growth of the youngest ages. Agnalt (1989) esti-
mated a negative correlation between the mean length at ages 1 and 2 and the North 
Sea mackerel stock biomass in the 1970s. Similar findings were reported for the 
Northwest Atlantic (Overholtz, 1989; Neja, 1995). Moreover, Agnalt (1989) reported 
that mean length and weight at age of Atlantic mackerel in the North Sea increased 
significantly between 1960 and 1979, but decreased markedly during the 1980s. In 
contrast, median age at maturity decreased from 1960. Median length at maturity re-
mained stable until the 1980s, when it declined sharply. 
Changes during the 1980s may have resulted from immigration of the western mack-
erel stock. One should be cautious when interpreting data on growth studies, as input 
data in growth studies is often biased, especially for migratory species like mackerel. 
Samples might be unrepresentative owing to missing elements, as the whole cohort 
may not be present in the area where the samples are taken. Moreover, the interpreta-
tion of growth depends on the season when samples are obtained. 
Observed changes in distribution 
Some surveys and fisheries for other species found changes in the distribution of 
mackerel, with a decrease in abundance in the south and an increase in the north and 
west, and in the Skagerrak and Kattegat (ICES, 2007c). A shift in spawning area and 
period has also been indicated. French acoustic surveys in Divisions VIIIa and VIIIb 
in May demonstrated a reduction in adult Northeast Atlantic mackerel within the 
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survey area in both 2006 and 2007 when compared with previous studies. This sug-
gests a northward shift in mackerel distribution in recent years (ICES, 2007i). 
Furthermore, analysis of egg survey data suggests that mackerel appeared to be 
spawning slightly earlier farther north and farther west of the shelf break over the 
past 20 years (Bez et al., 1995; Reid, 2001). These changes may have implications for 
the growth, pattern of transport, and survival of larvae and, thus, may affect both 
stock dynamics and fisheries. 
Changes in the Spanish fishery as well as survey results hint at changes in mackerel 
distribution. The Spanish fishery in Divisions VIIIb and VIIIc has, since 2000, started 
and ended earlier than in previous years (Punzón and Villamor, 2009). Surveys con-
firmed the indication of a temporal shift of approximately one month in the migra-
tion pattern of mackerel in the southern area, which might be linked to a more 
northerly distribution pattern (ICES, 2007i). 
Processes underlying observed changes. 
It has been hypothesized that changes in Northeast Atlantic mackerel production are 
related to stock size as well as to environmental conditions, the former possibly af-
fecting growth of the youngest fish and the latter possibly affecting the growth and 
spawning potential of adults, as well as juvenile and larval growth. The shift in dis-
tribution may be explained by a combination of variability in hydrographic factors 
and indirect effects (such as plankton abundance), as well as life history aspects. The 
following factors have been explicitly suggested in the literature to interact with, and 
to affect, changes in mackerel production and distribution: 
• Zooplankton 
• Abundance in spawning area 
• Abundance, availability, and suitability as larval food source 
• Ocean circulation patterns 
• Temperature 
Direct links between climate change and changes in distribution and production spe-
cifically of Northeast Atlantic mackerel have yet to be studied. However, some indi-
rect links with climate change, via one of the above listed factors, have been studied 
(ICES Cooperative Research Report No. 301 | 141). 
Conclusion 
Mackerel is a species with a high level of natural variability in abundance. In addition 
to this natural variability, changes in production and distribution have been observed 
over the past four decades. Three main intermediate factors are proposed in the lit-
erature as potentially affecting mackerel population dynamics: zooplankton abun-
dance, ocean circulation patterns, and temperature. 
It is well known that global climate change affects zooplankton abundance and dis-
tribution as well as ocean temperature and ocean circulation patterns. However, how 
climate change will affect the Northeast Atlantic mackerel stock, specifically via these 
intermediate factors, requires further study. 
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Annex 5. WD by Hüssy et al. 2010 ‘The use of otolith surface area in age 
determination of mackerel’ 
Karin Hüssy, Teunis Jansen and Lotte Worsøe Clausen 
DTU-AQUA, Denmark 
Abstract 
1091 otoliths from spawning mackerel (maturity stage 6), sampled by IMARES from 
commercial catches and egg surveys in 2002, 2003, 2007 and 2008 in ICES sub area IV 
and VII, were photographed. The images were analysed in OMAP v.1.3 (Jansen, 
2010). The visible area facing the camera and was analysed as a potential biometric 
for LMMA.  
We found no more age dependant information in area than in fish length. 
In conclusion; we do not recommend using otolith area as an additional biometric for 
ageing North East Atlantic mackerel. 
Introduction 
Background: 
In assessment context, the result of age determination exercises is to determine catch 
proportions at age. The goal of the age determination is thus not individual ages but 
rather proportions of each age class at the population level. A method estimating 
these proportions on the basis of routine samples therefore appears desirable. Most 
approaches developed to achieve this suffer from asymptotic bias - i.e. bias does not 
tend to zero at large sample sizes. The four types of bias found in all early methods 
are:  
i ) Discriminant bias: Associated with specific types of ‘cutting rule’ in split-
ting overlapping distributions 
ii ) Smoothing bias: Occur when variation in proportion at age are ignored, 
leading to ‘smoothing’ of age-classes. 
iii ) Heteroscedastic bias: Occur when variation in variance by age are ig-
nored 
iv ) Calibration bias: Occur when proportions at age in the calibration sample 
are different from those in the population. 
The Length-Mediated Mixture Analysis (LMMA):  
An alternative approach, which produces unbiased estimates is the so called “Length-
Mediated Mixture Analysis” (LMMA). This method has been developed by (Francis 
et al., 2005) based on known-age Faroese cod and aims at estimating the age distribu-
tion in a population, rather than individual ages. The fish size - otolith size relation-
ship of the sample used is shown in figure 1. 
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Figure 1: The fish length-otolith weight relationship of known-age Faroese cod. (From Francis and 
Campana, Can. J. Fish. Aquat. Sci., Vol- 61, 2004) 
The LMMA involves three types of samples, a production sample, where fish length 
and otolith weight is known, a calibration sample, where the fish’s age is also known 
and the populations length distribution. The LMMA is an extension of the Mixture 
analysis model described by (Francis and Campana, 2004), and allows stratified sam-
pling and the additional information of the populations length distribution. One of 
the advantages of the Mixture analysis is that it avoids asymptotic bias by using 
maximum likelihood estimation. Another advantage is that it is also possible to in-
corporate known ageing errors and makes use of the information given by the popu-
lation´s length distribution. The approach makes better use of the population’s length 
distribution and may require a smaller calibration sample than the traditional 
method. 
The LMME approach is based on a series of simple assumptions and a few require-
ments. In the following we will refer to length measurements as L, otolith biometrics 
as O and age A. The assumptions and requirements are: 
Three samples: Calibration (LOA), Production (LO) and length (L). The Calibration 
sample may be a random sample or stratified random sample of the population while 
the Production sample is required to be a random sample if a random length sample 
is not available. 
• Size and age range in LOA and LO sample are the same.  
• Data must be multivariate normally distributed.  
• Homoscedasticity of variation in the otolith size – fish size relationship 
• If the number of age classes is high, then constraints on parameters are 
necessary. 
• If samples are length-stratified, then the fish selection should be random at 
length.  
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The age distribution of the population is estimated using maximum likelihood. The 
likelihood function is described by the equation in Francis and Campana (2004) p. 
1277 for the case where both samples are random: 
λ = λc + λp 
    = Σi log[pAi g(Xi; θAi)] + Σj log[Σ  pA g(Xj;θA)],  
where λc and λp are the log-likelihood components associated with the Calibration 
and the Production sample respectively, X = vector containing otolith weight and fish 
length (Xi; for Calibration sample and Xj for Production sample), pA = proportion of 
fish of age A. The distribution of X is given by the density function g(Xi; θAi). Estima-
tion is the result of the values of (pA, θA) that maximise λ. Details of the analysis fol-
low the description of Francis & Campana (2004) and Francis et al. (2005).  
LMMA example: Baltic cod 
Otoliths from Baltic cod are notorious difficult to read. During an EU-funded project 
DECODE (ImproveD mEthodology for Baltic COD age Estimation (FISH/2006/15; Studies 
and Pilot Projects for carrying out the common fisheries policy), the use of different 
methods as substitutes for the traditional ageing methods was evaluated. 
The applicability of the LMMA to the Baltic cod stock proved easy. However, the 
precision of the age proportion estimates were the same, regardless whether otolith 
weight (the only biometric measure analysed) was included in the analysis or not. 
This lack of apparent gain from including otolith biometrics turned out to be attribut-
able to the close relationship between fish length and otolith weight (see figure 2). 
There was simply is no additional information to be obtained by including the otolith 
weight. However, the linearity of this relationship ceases at larger fish sizes and the 
approach may therefore be a valuable tool for estimating the proportions of older age 
classes. 
 
Figure 2: The relationship between fish weight and otolith weight of Baltic cod. Numbers indicate 
age classes (From the DECODE project report) 
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Materials and methods 
1091 otoliths from spawning mackerel (maturity stage 6), sampled by IMARES from 
commercial catches and egg surveys in 2002, 2003, 2007 og 2008 in ICES sub area IV 
and VII, were photographed. The images were analysed in OMAP v.1.3 (Jansen, 2010 
871 /id). 
The visible area facing the camera and was analysed as a potential biometric for 
LMMA.  
It was assumed that much of the noise in the Area-Age relationships, originated from 
the variation in juvenile growth. An attempt to account for this variation was made 
by reducing the area with a rough estimate of area inside the second to third winter 
ring (L1*L1*0.3). 
Results, Discussion and conclusion 
At first glance, the mackerel data seem suitable for the application of the LMMA ap-
proach since the most fundamental requirements are fulfilled (figures 3 and 4): 
Data is multivariate normally distributed.  
Variation in the otolith size – fish size relationship is homoscedastic 
 
 
Figure 3: The distribution of mackerel otolith area by age class (colour coded according to the 
legend). 
However, the fish size – otolith area relationship is linear over most of the age classes 
(figure 4). Therefore, no further information is gained from including otolith area. 
Accounting for juvenile growth, did not change this pattern.  
In conclusion; we do not recommend using otolith area as an additional biometric for 
ageing North East Atlantic mackerel. 
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Figure 4: The otolith size – fish size of mackerel by age class (colour coded according to the leg-
end). 
References:  
Francis,R.I.C.C., Campana,S.E., 2004. Inferring age from otolith measurements: a review and a 
new approach. Can. J. Fish. Aquat. Sci. 61, 1269-1284. 
Francis,R.I.C.C., Harley,S.J., Campana,S.E., Doering-Arjes,P., 2005. Use of otolith weight in 
length-mediated estimation of proportions at age. Mar. Freshwater Res. 56, 735-743. 
Jansen, T. 2010. OMAP. Otolith Morphology Application. Open source software available by 
request to the author. 
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Annex 6 Results of the post-workshop exchange of mackerel (Scomber 
scombrus) otolith images 2010 
Mark Etherton, Centre for Environment, Fisheries and Aquaculture Science (Cefas), 
Pakefield Road, Lowestoft, NR33 0HT, UK. 
1-  Introduction 
The international mackerel age determination workshop (WKARMAC), held in Low-
estoft, England from 1st-4th November 2010, highlighted the need for another ex-
change. This need arose from a poor level of agreement between readers in the 
exchange prior to the workshop and the need to put into practice a new set of age 
determination criteria that were established at the workshop. The criteria need to be 
tested to ensure that they provide the desired increase in agreement between readers 
and to ensure that the criteria are easy to follow so that in the future, new readers will 
be able to pick up the criteria quickly and establish good agreement with other read-
ers applying the criteria to their age determinations. 
This new exchange was organised by Cefas and was available immediately after the 
completion of the workshop. The exchange had a short timescale, and was completed 
by 7th December 2010. This short timescale was deliberately imposed to ensure the 
criteria the readers were asked to make the age determinations by were remembered 
and understood as well as providing the group with the potential of good news about 
the progress made as soon as possible.  As well as endeavouring to increase agree-
ment by the implementation of revised and updated ageing criteria, the post-
workshop exchange sought to establish a reference collection of agreed age images to 
be used for future reference for all readers. 
A total of 11 institutes took part in the exchange. Each institute was asked to provide 
one reading for each otolith image. That reading could be from one or multiple read-
ers but must represent the considered view of the institute, reading the images in line 
with the age determination criteria established at the workshop. Although some insti-
tutes provide an age for each image derived from more than one reader, for the pur-
poses of simplicity in the report, all institutes will be referred to as having one reader. 
The software used to analyse the results was the ORACLE (Otolith Reading Age 
Comparisons, Like Eltinks’) spreadsheet, developed by Mark Etherton of Cefas from 
the Eltink et al (2000) “Age Comparison Worksheet”.  
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2 -  The exchange sets  
Otoliths were selected from as wide a geographical range as possible. Mackerel are 
highly migratory, and to truly reflect all of the possible otoliths a reader may find in 
their samples, otoliths should be viewed from as many sea areas as possible. In the 
short timescale available to us in the exchange, images of 5 sets of otoliths encom-
passing 252 pairs of otoliths were gathered. Images of the Norwegian, German and 
English sets were taken during the workshop, of otoliths brought to the workshop by 
the respective institutes. Images of the Spanish and Icelandic otolith sets were pro-
vided by those institutes in the days after the workshop. The summary of numbers 
and sea areas the exchange sets are from can be seen in Table 1.  
Country of Origin Sea Area No. Males No. Females No. Unknown Sex Total No. 
Norway IIa 22 23 3 48 
Iceland Vb 19 17 4 40 
Germany IV 29 30 1 60 
England VIIf 23 37 0 60 
Spain VIII 21 23 0 44 
Total  114 130 8 252 
Table 1 – Summary of the exchange otoliths 
3 -  The exchange and issues arising 
During the exchange, it became clear that 4 of the Icelandic otoliths would have a 
modal age of zero. The software used to analyse the results doesn’t work with modal 
ages of zero, so these had to be removed from the results. However, as all readers 
gave the age of zero for these fish, no affect resulted from their removal. The total 
number of otoliths considered in the exchange was therefore 248. 
Two countries, Norway and France, were unable to read both the Spanish and Ice-
landic otoliths. This was either due to limited availability of the readers or an opinion 
that the otoliths were unreadable from the images provided.  
Most readers found that there were at least one or two images that they had difficulty 
in assigning an age to. A summary of the number read by each institute is given in 
Table 2.  
Institute Country No. exchange images read 
IMR Norway 167 
Cefas England 248 
IEO Spain 247 
WUR Holland 248 
IPIMAR Portugal 233 
VTI Germany 247 
Marine Scotland Scotland 248 
Marine Institute Ireland 245 
Hafro Iceland 248 
IFREMER France 167 
DTU-AQUA Denmark 248 
Table 2 – Number of exchange images read by institute 
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4 -  Results 
The results of the exchange are encouraging. The age determination criteria would 
appear to have had an effect on agreement rates. The pre-workshop exchange of 195 
otoliths found only 12 otoliths (6%) where all 15 readers agreed on the age. This ex-
change of 248 otoliths had agreement from all readers (9 or 11 depending on sample) 
on 85 otoliths (34%). Of the 9 readers who read all samples, the agreement rate with 
the modal age ranged from 71.7% to 85.1%. The agreed modal ages for each sample 
can be seen in Table 3. The Icelandic and Spanish sets had much higher average ages 
than the other sets, the German set much lower than the others. One would expect 
greater agreement with the sets with lower average age, and agreement to fall away 
for the Icelandic and Spanish sets. 
 
MODAL 
AGE 
NORWEGIAN ICELANDIC GERMAN ENGLISH SPANISH TOTAL 
1 6 - 37 21 - 64 
2 14 - 14 16 5 49 
3 11 3 3 10 5 32 
4 12 12 - 6 8 38 
5 2 10 3 4 7 26 
6 3 5 - 2 5 15 
7 - 2 3 - 2 7 
8 - 4 - - 8 12 
9 - - - 1 2 3 
10 - - - - 1 1 
11 - - - - 1 1 
Total 48 36 60 60 44 248 
Average 
Age 
2.98 5.08 1.83 2.47 5.42 3.30 
Table 3 – Numbers of fish at each modal age, by sample. 
Eltink et al (2000) proposed that otoliths that achieved the agreement of 80% of read-
ers could be considered for inclusion in a reference set or “Agreed Collection”. The 
higher criterion of 100% was used in the pre-workshop report, and both are ex-
pressed in this report for each exchange set and for the whole set by way of compari-
son.  
4.1 Norwegian set 
There were 48 otoliths in this set. A total of 11 readers took part, 3 of them only read 
47 otoliths, with the remainder reading every otolith. Readers 3 and 10 did not read 
sample 60010-1, but the other 9 readers all agreed on an age of 2. Reader 8 did not 
read sample 95827-29, however 9 of the other 10 readers agreed on age 2. All readers 
agreed on the age of 14 (29%) of the otoliths.  
Agreement with the modal age ranged from 58.3% to 93.8% with an overall agree-
ment of 79.8%. Where readers disagreed with the modal age, there was a definite 
tendency to underage, except for readers 7 and 8 who showed a strong tendency to 
overage compared to the modal age.  
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These were relatively young fish and posed few problems for most readers. The two 
readers that had the best overall scores for agreement, CVs, bias and APE were those 
from Norway and Iceland. This is perhaps unsurprising given the samples were from 
more Northerly latitudes and therefore more familiar to them.  
A summary of the Norwegian set results can be seen in Table 4. 
Table 4 – Summary of Norwegian Set results 
 
Modal Age No. with 
80% 
agreement 
No. with 
100% 
agreement 
1 6 3 
2 14 9 
3 4 2 
4 1 - 
5 1 - 
6 1 - 
Total 27 14 
Table 5 – Agreed age collection images 
4.2 Icelandic Set 
Although 40 images were presented as part of this set, the results only account for 36 
of them. The other 4 were all modal age zero, and the software gives a divide by zero 
error. This will be corrected in an updated version of the software. As all readers 
gave the age as zero in any case, there should be no effect to the results. It was inter-
esting to note that these fish (19 and 20 cm), grew incredibly quickly for Northern 
waters. As fish in the North probably do not spawn until May-June and these fish 
were caught in October, they were 19-20 cm at just 4 months old, which is a question-
able result.  
A summary of the results of the Icelandic set can be seen in Table 6. As previously 
explained, only 9 readers read this set and of those, the reader from Portugal was un-
able to give an age for 2 fish. The results of this set were not as good as for other sets. 
Agreement ranged from 38.2% to 80.6% with overall agreement at 58.1%. This is bet-
ter than the pre-workshop exchange. Only 2 readers showed low bias scores, the oth-
ers were a mix of over and under ageing.  
In this set, there was only 1 fish (Ice_003) where all readers were agreed on the age – 
that of 5 years old (Table 7). 
COUNTRY NOR ENG SPA HOL POR GER SCO IRE ICE FRA DEN OVERALL 
CV .046 .054 .090 .096 .073 .063 .093 .113 .046 .090 .207 .112 
% agreement 93.8 91.7 61.7 81.3 83.3 89.6 87.5 74.5 93.8 61.7 58.3 79.8 
Relative Bias 0.06 0.04 -0.38 -0.17 -0.17 -0.06 0.13 0.26 0.06 -0.38 -0.06 -0.06 
APE 1.7 2.3 9.8 5.3 4.1 2.6 4.0 8.2 1.7 9.8 18.9 - 
Overall Rank 1 3 8 7 5 4 5 8 1 8 11 - 
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Table 6 – Summary of Icelandic Set results 
Modal Age No. with 
80% 
agreement 
No. with 
100% 
agreement 
3 - - 
4 1 - 
5 2 1 
6 - - 
7 - - 
8 - - 
Total 3 1 
Table 7 – Agreed age collection images 
4.3 German Set 
As mentioned above, the German set was of low average age (1.83 years). This may 
be one reason why the highest agreement rate was achieved for this set – with an 
overall agreement rate of 94.1%. Many of the readers commented on how good the 
images were for this set, which may have added to the confidence levels. Individual 
readers achieved from 90.0%-98.3% agreement with the modal age - an extremely 
good result for any exchange. A summary of the results for this set is given in Table 8. 
There were 60 images in this set, all of which were aged by 10 readers, with one 
reader unable to give an age for 3 fish. In total, 49 of the 60 images had the complete 
agreement of all readers (see Table 9). Most of these were aged 1 or 2, but WH324-2 
was aged as a 5 year old by all readers. 
Table 8 – Summary of the German Set results 
 
COUNTRY NOR ENG SPA HOL POR GER SCO IRE ICE FRA DEN OVERAL
L 
CV - .157 .136 .138 .140 .118 .120 .123 .095 - .183 .139 
% agreement - 58.3 52.8 52.8 38.2 61.1 66.7 80.6 58.3 - 52.8 58.1 
Relative Bias - 0.56 -0.39 -0.78 -0.68 0.19 0.39 0.03 0.31 - -0.31 -0.07 
APE - 13.1 10.2 13.2 13.7 10.1 9.7 6.1 9.3 - 11.8 - 
Overall 
Rank 
- 7 5 8 9 2 4 1 2 - 6 - 
Country Nor Eng Spa Hol Por Ger Sco Ire Ice Fra Den Overall 
CV .039 .044 .044 .012 .034 .012 .004 .046 .062 .016 .169 .034 
% agreement 95.0 90.0 91.7 93.3 94.7 91.7 98.3 95.0 96.7 95.0 93.3 94.1 
Relative Bias 0.05 -0.12 -0.08 -0.10 -0.05 -0.12 -0.02 0.02 0.05 -0.08 0.03 -0.04 
APE 1.4 2.5 2.0 1.5 1.4 1.9 .02 1.7 1.9 1.3 4.4 - 
Overall Rank 3 11 10 6 4 8 1 4 7 2 9 - 
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Modal Age No. with 
80% 
agreement 
No. with 
100% 
agreement 
1 37 35 
2 13 11 
3 3 2 
4 - - 
5 1 1 
6 - - 
7 - - 
Total 54 49 
Table 9 – Agreed age collection images 
4.4 English Set 
The English exchange set had 60 images. All 11 readers attempted them, with 8 read-
ers giving an age for all images. One reader was unable to age 1 image, one reader 
was unable to age 2 images and one reader was unable to age 3 images. The agree-
ment with the modal age ranged from 64.9% to 91.5% with an overall agreement of 
79.2%. Three readers all achieved 80% agreement. A summary of the results of the 
English set can be seen in Table 10. 
A total of 15 out of the 60 otoliths had a modal age which was agreed by all readers 
(Table 11). 
The bias scores for most readers were low, with only the 3 readers achieving the low-
est agreement having significant bias scores. Average Percent Error (APE) values 
were significantly higher than the Norwegian and German sets.  
The average age of the samples was again relatively low, with 47 of the 60 images 
having a modal age of 1-3 years.  
 
Table 10 – Summary of the English set results. 
Country Nor Eng Spa Hol Por Ger Sco Ire Ice Fra Den Overall 
CV .107 .211 .127 .104 .137 .214 .231 .271 .345 .243 .234 .185 
% agreement 91.5 83.3 86.7 78.3 64.9 80.0 80.0 67.2 83.3 80.0 75.0 79.2 
Relative Bias 0.05 -0.03 -0.05 -0.17 -0.53 -0.02 0.20 0.40 0.33 -0.02 0.18 0.03 
APE 4.0 7.6 5.3 6.1 14.6 9.2 10.8 25.1 14.1 10.5 16.8 - 
Overall Rank 1 3 2 4 10 4 7 11 8 6 9 - 
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Modal Age No. with 
80% 
agreement 
No. with 
100% 
agreement 
1 19 6 
2 11 7 
3 3 - 
4 1 1 
5 1 1 
6 - - 
7 - - 
8 - - 
9 - - 
Total 35 15 
Table 11 – Agreed age collection images 
4.5 Spanish Set 
The Spanish exchange set consisted of 44 otolith images. Nine readers aged them; one 
reader did not have the time to complete the readings in time for the report to be 
written and one reader found that they could not establish an age for any of them. Of 
the nine readers, seven read all the images, one reader could not age one of the im-
ages and one reader could not age seven of the images. 
The agreement rate with the modal age ranged from 59.1% to 84.1% with the overall 
agreement rate at 70.6%. The reader who came out top of the overall rankings was the 
Spanish reader, which again may reflect familiarity with the stock. A summary of the 
results for the Spanish set can be seen in Table 12. 
Only four images achieved agreement of the age from all readers, but one of these (SS 
25.01.2010.N18(4x)IEO) had an agreed age of 8 years old (see Table 13). 
As shown in Table 3, the Spanish set had the highest average age of all the exchange 
sets, so the agreement rates are high and promising.  
 
Table 12 – Summary of the Spanish set results. 
 
 
 
Country Nor Eng Spa Hol Por Ger Sco Ire Ice Fra Den Overall 
CV - .043 .066 .145 .121 .097 .111 .106 .090 - .095 .114 
% agreement - 84.1 84.1 63.6 62.2 69.8 61.4 59.1 72.7 - 77.3 70.6 
Relative Bias - -0.23 -0.05 -0.07 -0.22 0.07 0.25 0.23 0.14 - -0.05 0.01 
APE - 3.6 3.4 10.6 8.6 7.9 9.8 8.8 5.5 - 5.8 - 
Overall Rank - 2 1 6 6 5 9 8 4 - 3 - 
ICES WKARMAC REPORT 2010 |  59 
 
Modal Age No. with 
80% 
agreement 
No. with 
100% 
agreement 
2 2 - 
3 3 2 
4 3 - 
5 2 - 
6 1 1 
7 1 - 
8 2 1 
9 - - 
10 - - 
11 - - 
Total 14 4 
Table 13 – Agreed age collection images 
4.6 Full exchange set 
As two of the 11 readers did not read the two sets of otoliths that proved to be the 
most difficult to obtain agreement, the results for these two readers are omitted from 
the analysis of the whole set as this would introduce bias. The small number of im-
ages not read by some of the other readers is less problematical at this level, so they 
will be ignored. A summary of the results for the full exchange set can be seen in Ta-
ble 14. 
There were 248 images of otoliths in the full exchange set. Only five readers aged 
every image; those from England, Holland, Scotland, Iceland and Denmark. The 
Spanish and German readers did not age 1 image, the Irish reader did not age 3 im-
ages and the Portuguese reader did not age 15 images. 
Agreement rates with the modal age ranged from 71.7% to 85.1%. This compares fa-
vourably with the pre-workshop exchange (44.9% to 77.4%).  
The bias scores show a range from -0.30 to +0.22, with an overall bias of +0.01. Again 
this compares well to the pre-workshop exchange (-0.59 to +0.45).  
 
Table 14 – Summary of the full exchange set results. 
 
 
 
Country Nor Eng Spa Hol Por Ger Sco Ire Ice Fra Den Overall 
CV - .144 .110 .119 .130 .142 .150 .215 .197 - .226 .116 
% agreement - 85.1 78.9 77.4 71.7 81.8 81.0 73.9 80.2 - 72.2 78.1 
Relative Bias - 0.04 -0.15 -0.20 -0.30 0.02 0.19 0.22 0.20 - 0.01 0.01 
APE - 4.7 5.5 6.3 8.0 5.6 6.4 11.0 6.9 - 12.0 - 
Overall Rank - 1 3 4 8 2 5 9 6 - 7 - 
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Modal Age No. with 
80% 
agreement 
No. with 
100% 
agreement 
1 62 45 
2 36 27 
3 13 7 
4 6 1 
5 7 3 
6 2 1 
7 1 - 
8 2 1 
9 - - 
10 - - 
11 - - 
Total 129 85 
Table 15 – Agreed age collection images (Note: by removing the results of the 2 readers who did 
not complete the readings, the numbers of fish with 80% agreement decreases by 4 – all 2 year 
olds. The number with 100% agreement increases by 2).  
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5 - Confidence levels 
Readers were asked to express their confidence level for the age assigned to each oto-
lith on a scale from 1 to 3. A score of 1 indicates no doubt about the age determined, a 
score of 2 indicates some ambiguity and a score of 3 indicates a difficulty in express-
ing an age of any kind. Table 16 shows the average confidence level determined for 
each reader (institute) for each set of otolith images and for the whole set combined. 
The average confidence level for all readers combined for each set and the whole set 
combined are also shown.  
The Norwegian reader was unable to attempt the Icelandic and Spanish images in 
time to be included in the results and the French reader was unable to view the Ice-
landic images in time and so these results are blank. The French reader was unable to 
determine any ages from the Spanish images, hence an average ranking of 3 for these 
images.  
The results of the confidence levels closely mirror the agreement levels of each set. 
The German set achieved the highest agreement and had the highest confidence score 
(lowest value). The Norwegian and English sets rank 2nd and 3rd in both statistics re-
spectively. The Spanish set, however, had higher agreement than the Icelandic set, 
but lower confidence levels.  
Amongst the individual readers, there was also a good correlation between confi-
dence level and agreement rate. Of the 9 readers who read all 5 sets of images, the 
readers with the 5 highest confidence scores were the 5 readers with the highest 
agreement levels, although in a slightly different order. The readers with the 4 lowest 
confidence scores were those with the lowest agreement rates, again in a slightly dif-
ferent order.  
 
Set Nor Eng Spa Hol Por Ger Sco Ire Ice Fra Den Overall 
German 1.067 1.100 1.117 1.250 1.217 1.117 1.100 1.133 1.083 1.100 2.000 1.208 
Norwegian 1.053 1.105 1.421 1.526 1.105 1.053 1.053 1.421 1.105 1.263 2.000 1.400 
English 1.233 1.400 1.350 1.583 1.917 1.300 1.133 1.800 1.317 1.750 2.000 1.526 
Icelandic - 1.825 1.550 1.975 2.000 1.475 1.325 1.925 1.275 - 1.750 1.678 
Spanish - 1.977 1.545 2.500 2.209 1.750 1.614 2.000 1.295 3.000 1.705 1.959 
Total 1.125 1.496 1.353 1.742 1.753 1.349 1.230 1.687 1.210 1.698 1.909 1.514 
Table 16 – Average confidence levels expressed by each reader for each set of exchange otoliths. 
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6 - Summary 
The post-workshop exchange was completed in a very timely fashion and produced 
very encouraging results. Percentage agreement increased against the pre-workshop 
exchange, CVs decreased and the number of otoliths with total agreement vastly in-
creased. Some of this improvement is no doubt attributable to the reduced number of 
readers (11 readers as opposed to 15), but much of the increase looks certain to be due 
to the newly established age determination criteria and the benefit of the discussions 
of images at the workshop.  
A set of Agreed Age images can now be assembled that can contain 129 images (Ta-
ble 15). This is a good start but some more work is needed to ensure that full cover-
age of the mackerel distribution area is achieved in the agreed age collection.  
Each reader shows differing tendencies to either under or overage compared to the 
modal age. The readers from Spain, Holland, Portugal and France show a distinct 
pattern to underage compared with the modal age. The readers from Scotland, Ice-
land, Ireland and Norway show a tendency to overage compared to the modal age. 
The readers from England, Germany and Denmark had a more balanced distribution. 
The results of the reader age against modal age distributions can be seen in Table 17. 
 
 Difference from modal age   
Reader -5 -4 -3 -2 -1 0 1 2 3 4 5 Total 
Readings 
Total 
differences 
England   1  16 211 16 2 1  1 248 37 
Spain    3 40 195 8 1    247 52 
Holland  3 3 6 31 192 12  1   248 56 
Portugal   2 9 50 167 5     233 66 
Germany    1 21 202 19 4    247 45 
Scotland     5 201 34 5 3   248 47 
Ireland    1 8 181 49 3 2 1  245 64 
Iceland     6 199 34 7 1 1  248 49 
Denmark    3 33 179 28 2 2 1  248 69 
Norway    2  149 17     149 19 
France     27 134 5 1    167 33 
Table 17 – Differences against modal age by reader 
 
 
 
 
 
